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The effort on mitigating climate change has conjured up a vision of a bioeconomy. 
Therefore, industrial production has to turn away from fossil-based resources to bio-
based ones. In Germany, the BioEconomy Cluster aims to establish a bioeconomy 
region that is based on non-food biomass, especially wood. The complexity of this 
transition raises doubts as to whether it necessarily leads to a better, more sustainable 
living in the regions. Currently, life cycle assessment tools are viewed as adequate to 
evaluate sustainability aspects associated to products. A method to analyse potential 
social effects of products is at an early stage. Therefore, this PhD thesis develops a 
social life cycle assessment approach to assess wood-based production systems in a 
bioeconomy region in Germany.  
A framework was formulated with major concepts and definitions applied. The goal 
and scope comprise to identify of social hotspots and opportunities of the foreground 
activities involved in a production system in a German bioeconomy region. The system 
boundary was defined as an area smaller than a country and major stakeholder 
categories were selected. In addition the organisations’ conduct was determined as the 
main unit of analysis. 
Based on the frameworks’ major elements a social indicator set with seven social 
indices (e.g. health & safety; participation) and 32 social indicators (e.g. accidents) was 
selected to make the inventories. Therefore, sustainability standards and sLCA case 
studies were screened and stakeholder interviews were conducted to set up a final set.  
Within this PhD thesis context-specific performance reference points (PRPs) were 
determined for the sLCIA phase. Compared with the organisations’ indicator values, 
they indicate a “relatively poor” or “relatively better” social performance (i.e. a social 
opportunity or hotspot). The PRPs considered the classification of economic sector of 
the assessed organisation and in some cases the size of the organisation as factors 
influencing the potential social effects. 
The framework provides major elements (i.e. a context-specific indicator set and 
characterisation approach) to assess relevant social effects associated with the 
organisations production activities involved in a products production. Therefore, the 
sLCA approach supports producer’s decision making which may mitigate negative 
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1 Introduction 
1.1 Bioeconomy and sustainability 
The growing awareness on mitigation of climate change triggered the vision of a 
bioeconomy as a new and more sustainable method of industrial production and 
consumption. Expanding the bioeconomy has been identified as a strategic aim in 
Germany (BMBF, 2011, 2014; BMELV, 2013) and has gained political support during 
the last ten years also in more than 30 other countries which have launched strategic 
activities to advance the transition towards a bioeconomy (German Bioeconomy 
Council, 2017; Staffas et al. 2013). However, the definition of a bioeconomy is still 
under discussion. According to the European Commission (2012: 3) the bioeconomy 
“encompasses the production of renewable biological resources and the conversion of 
these resources and waste streams into value added products, such as food, feed, bio-
based products and bioenergy”. This vision to turn away from fossil-based resources to 
bio-based ones (i.e. plant materials, animal by-products or waste) envisions a circular 
management and cascading of the resources (Bezama, 2016). Indeed, a transsectoral 
cooperation is required to connect the many economic sectors (i.e. agriculture, forestry, 
fisheries, food and pulp and paper production as well as chemicals, biotechnologies 
and energy industries) associated to a bioeconomy (BMBF, 2011; EC, 2012).  
A transition towards a bioeconomy is often associated with a sustainable development, 
that for example decreases environmental impacts (e.g. reduced greenhouse gas 
emissions, sustainable production of commodities) (Pfau et al. 2014). However, the 
complexity of bio-based production systems also raises doubts as to whether such a 
transition will necessarily have sustainability benefits (Pfau et al. 2014). In this regard, 
it is necessary to provide decision makers with comprehensive tools to monitor 
sustainability or in other words potential implications for the environment, the 
economy and the people associated to bioeconomy activities and transformation 
processes from a fossil-fuel based system to a renewable.  
But how to assess sustainability is still debated in science. However, a first consensus 
was reached at the European Commission that life cycle frameworks are the best to be 
applied for assessing potential impacts of products (COM, 2003). The environmental 
and economic implications of products can be assessed by relatively mature 
environmental life cycle assessment (LCA) and life cycle costing (LCC) tools. For the 
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environmental LCA a standardised method (ISO, 2006) is available as well as several 
databases. To assess products’ social implications the methodological development of 
social life cycle assessments (sLCA) is still at an early stage. Therefore, there is an 
urgent need in view of the development towards a bio-based economy to enable 
decision-makers to evaluate potential social effects for the people.  
1.2 The BioEconomy Cluster  
In 2012 the Federal Ministry of Education and Research launched the research project 
“Leading Edge Cluster BioEconomy” in Central Germany (BioEconomy e.V., n.y.). It 
incorporates about 75 industrial partners from various sectors (i.e. forestry, chemical, 
pulp and paper industries) and research institutes to work on the use of non-food 
biomass in particular beech wood for new uses. The aim is to create a bioeconomy 
model region for Germany and Europe. Therefore, Central Germany (Thuringia, 
Saxony and Saxony-Anhalt) provide good preconditions with the established forestry 
and chemical industry. The project consists of 16 major and 51 sub-projects (BMBF, 
n.y.) and was funded with 40 billion euros (BioEconomy e.V., n.y.).  
Amongst other things, the project aimed to develop recommendation and management 
tools to establish the Cluster. Thus tools, methods and services were developed to 
improve processes, products and cooperation’s within the Cluster, so that the value 
chains can be integrated, sustainably developed and optimised. However, as the 
transition from fossil-fuel based production to a renewable production system is 
ongoing the tools had to be developed before. The development of a sustainability 
monitoring tool for the cluster was one of the three lighthouse projects. In this regard, a 
social life cycle assessment methodology had to be newly developed to evaluate the 
social sustainability effects of the products. Apart from that an overall method had to 
be developed that integrates the assessment of social, environmental an economic 
aspects (Bezama et al. 2016; Hildebrandt et al. 2017; Siebert et al. 2018a; Siebert et al. 
2018b). 
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2 Social Life Cycle Assessment, S-LCA 
2.1 The history of sLCA 
Social life cycle assessment (sLCA) aims to assess potential social impacts on people 
caused by the production activities associated to a product along its life cycle.1 O'Brien 
et al. (1996) proposed first the idea of combining environmental LCA and sLCA. 
However, sLCA is still the least developed method in the life cycle sustainability 
assessment (LCSA) framework, which incorporates three components: environmental 
LCA, LCC and the sLCA (Finkbeiner et al. 2010; Klöpffer, 2008) and aims to assess the 
sustainability of products that incorporates the three components: environment, 
economy and social aspects.  
SLCA consists, similar to the other LCA tools, of the four steps, the goal and scope, the 
social life cycle inventory (sLCI), the social life cycle impact assessment (sLCIA) and a 
final interpretation. In the goal and scope the objective and scope of the study is 
defined as well as the general methodological approach to be taken is decided upon. In 
the sLCI the data collection for the assessment is conducted. Within the sLCIA the 
impacts are calculated from which conclusion are drawn in the interpretation step. 
What is done in particular within each step differs according to the methodological 
steps applied.  
In the last twenty years several sLCA approaches have been developed. Hunkeler 
(2006) conducted the first sLCA case study. He calculated the geographic distribution 
of working hours for two detergents and applied it as a proxy indicator for beneficial 
social effects such as housing and health. Weidema (2006) developed the social 
indicator quality adjusted life years (QUALYs) as an indicator to measure human well-
being. In addition, Dreyer et al. (2006) developed an sLCA approach to assess the 
conduct of organisations based on managerial measures taking into account their 
socio-economic context. Meanwhile, industries such as the BASF developed their own 
sLCA approaches (Schmidt et al. 2004). Furthermore, a very  comprehensive social 
indicator list for sLCA was published by Grießhammer et al. (2007). 
                                               
1 SLCA approaches differ from sustainability reporting schemes such as the Global Reporting Initiative 
(GRI), the SA 8000, ISO 26000 or Corporate Social Sustainability Reports, as they take a life cycle and 
product perspective following the ISO 14044 standard (ISO (2006)). However, the required information 
may overlap. 
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In 2009, this early discussion merged in the publication of the UNEP-SETAC 
guidelines2, that propose a general structure on how to conduct an sLCA case study 
(Benoît et al. 2010; UNEP-SETAC, 2009). However, the guidelines cannot be seen as a 
standardised method, as there are still several issues unsolved, such as the indicator 
selection and analysis, the definition of the functional unit and sLCIA methods. After 
the publication of the guidelines, several new approaches and case studies were 
published. It has to be noticed that these sLCA approaches differ respectively because 
of the lack of standardisation of the method in general and the different purposes and 
objectives of the study in particular. There are different possibilities to set apart sLCA 
approaches (e.g. based on the data resolution applied in the inventory, based on 
methods applied for characterisation or based on the indicators applied etc.). In the 
following Section 2.2 first an overview on the guidelines is given as well as currently 
existing sLCA approaches and case studies are outlined (Table 2-1).  
2.2 The UNEP-SETAC guidelines 
The guidelines provide an overview on the steps to be taken within each phase of the 
approach (UNEP-SETAC, 2009). Human well-being is the main suggested endpoint or 
area of protection for which the impacts are assessed. Thus, the impacts are either 
communicated according to different impact categories or affected stakeholder groups. 
In particular the guidelines differentiates between five stakeholder groups (i.e. 
workers, local communities, value chain actors, society and consumers), six impact 
categories (i.e. human rights, working conditions, health and safety, cultural heritage, 
governance and socio-economic repercussion) and 31 subcategories that are connected 
with both. In general, there are two approaches; the assessment of a generic product 
where social hotspots are identified and/or a site-specific assessment of a specific 
product. Therefore, about 100 generic (i.e. data collected at country or sector level) and 
site-specific (i.e. data collected at organisational level) social indicators were defined in 
the methodological sheets (UNEP-SETAC, 2013). To relate the indicator data to the 
product, the relative importance of an activity in the product life cycle has to be 
determined. Therefore, the guidelines propose to use activity variables, such as 
working hours or value added, to which the collected data can be related. To 
characterise and present the data from the sLCI two characterisation methods are 
                                               
2 The guidelines were developed within the Life Cycle Initiative, cooperation between the United Nations 
Environmental Programme (UNEP) and the Society of Environmental Toxicology and Chemistry 
(SETAC). The process involved scientists, as well as stakeholder from the public and economic sector.  
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proposed, one using cause-effect chains and one performance reference points (Section 
2.3.3). 
2.3 Review on sLCA  
To provide a more specific overview on sLCA methodologies, the following reviews 
can be referred to Chhipi-Shrestha et al. (2015), Jørgensen et al. (2008), Macombe et al. 
(2013), Parent et al. (2010), Russo Garrido et al. (2016), Wu et al. (2014). In addition, the 
Social Hotspot Database (SHDB) provides country and country-sector specific social 
data, to identify social risks or opportunities of an occurring social aspect associated to 
a generic product (Benoît-Norris et al. 2014). An overview on relevant sLCA studies is 
provided in Table 2-1 which is used as a basis to discuss major developments and 
issues regarding the methodology in the next Sections. 
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Table 2-1 Overview on characteristic sLCA approaches and case studies (own analysis and adopted from Chhipi-Shrestha et al. (2015) and Wu et al. (2014)) 
Author(s) year Product Goal Nr. of social aspects  
Nr. of 
indicators  
SLCIA* SLCIA Major contribution  
Andrews et al. 
(2009) 
Tomatoes 
Identify number of 
worker hours in a 
tomato supply 
Working hour per unit process 
No 
PRPs 
Identification of a certain 
attribute (local or non-local 
production) in the life cycle 













Scoring regarding the relative 
fulfilment of compliance criteria 
New scoring system 1 fulfilment 
and 0 non-fulfilment applied 









Scoring based on national and 
international thresholds, risk 
assessment 
Prioritise country of concern in 




Identify social hotspots 









New scoring based impact 
assessment method, colour 
coding  











performance relative to 
contextual risk) 
Acknowledging the com-panies 
context (location and economic 




Laptop Identify social hotspots  Guidelines: all 50 generic 
No 
PRPs 
Scoring of countries relative to 
their significance in the supply 
chain activity  
Acknowledging countries 
relative importance (activity) in 
the production 










Preston pathway  
companies value added 
compared to national GDP  
Impact pathway, product 
relation via functional unit 
Franze and 
Ciroth (2011) 
Rose bouquets  
Rose production in the 
Netherlands and 
Ecuador 
Guidelines: 17 - 6 Checklist method for sLCIA 
Differentiation between 
performance and impacts, 




Disposal of PET 
Bottles 




Scoring applying direct 
comparison 
New quantitative scoring system 











Colour scoring applying direct 
comparison, AHP pairwise 
comparison by experts 
Comprehensive indicator set 
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Table 2-1 continued 
Author(s) year Product  Goal 




SLCIA* SLCIA Major contribution  








Regional characterisation - nr of 














SII method relative performance 
(distant-to-target, social objectives of 
the region)  
Quantitative indicators, 
regional and context specific 
PRPs 
Lehmann et al. 
(2013) 
Technologies 






Use of SHDB system / not applied 
and no suggestion 
Context-specific indicator  




Social effects of the 
production system 





 - 5 impact categories  
Impact assessment with 
expectation vs perception of 
the stakeholder groups 
Martínez-Blanco 
et al. (2014) 
Fertilizer 
Examine the application 






SHDB, scoring based on national 
and international thresholds, risk 
assessment 
Assessment scales (i.e. 
company, sector, country); 
context-specific indicators 
Paragahawewa 




Compare products  to 
equivalents from UK 
and USA   
18 43  6 
Compare indicator results to critical 
levels (standards national and 
international) not applied 
National performance 
reference points 




Performance of the 
dairy sector 





 1, 4 
PRPs (i.e. legal requirements, 
sectorial standards, average 
performance), four-level evaluation 
scale 
Regional reference system for 
a sector 




Compare products   Guidelines: 6 10  6 Scoring applying direct comparison Integration in LCSA 
Vinyes et al. 
(2013) 
Waste manag-
ement systems  
Determine a sustainable 
collection system 
   8  6 scoring applying direct comparison Integration in LCSA 
* SLCIA according to Russo Garrido et al. (2016): (1) assessment based on norm and best practice; (2) assessment based on norms and best practice and the socio-economic context of the 
unit processes; (3) assessment based on expert’s judgement of companies’ compliance with norms; (4) assessment based on researchers’ expert’s judgment on companies’ activities; (5) 
assessment based on how company or sector or a country is positions with regards to average sector, country or world-wide performance and (6) assessment based on how the data 
associated with the social performance of a company or a sector compares to other alternative companies/sectors 
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2.3.1 Goal and scope definition 
Within the goal and scope phase of an sLCA study the general objective is defined. 
This is accompanied by the definition of several other aspects, such as the functional 
unit, system boundaries, the social aspects3 assessed, the indicators used, the 
stakeholder categories as well as general methodological steps and concepts to be 
applied. In a rough classification two major objectives in sLCA studies can be 
differentiated, one is to compare alternative products or processes (Franze and Ciroth, 
2011; Hosseinijou et al. 2014; Traverso et al. 2012), the other  is to identify improvement 
potentials of products or processes (e.g. Aparcana and Salhofer, 2013; Vinyes et al. 
2013). The scope of the studies range from analysing social effects based on the unit 
processes (Hunkeler, 2006) to others focusing on broad societal consequences 
(Weidema, 2006). Dreyer et al. (2006) proposed something in between and argued that 
social effects are primarily caused through the conduct of the organisations in the life 
cycle and therefore, determined organisations as the major unit of analysis. Thereby 
some studies analyse the social effects from the resource extraction to the end-of life 
whereas the majority focuses only on one part of the life cycle (Wu et al. 2014). 
However, as sated by Benoît Norris (2014) there is a much higher diversity of goals and 
scopes depending on the context and issues to be included, which is one reason for the 
high diversity of sLCA approaches.  
Often the data level is determined within the goal and scope phase. There are two main 
types of sLCA data; generic data (i.e. on country or sector level) and site-specific data 
(i.e. on process or organisation level) (UNEP-SETAC, 2009; Wu et al. 2014). In this 
regard also the data collection methods vary from desk research on statistics, databases 
and reports (on the generic level) to investigations about the production location by 
surveys and interviews (on site-specific level) (Wu et al. 2014). Generic studies 
generally provide an overview on social issues associated to the product life cycle, by 
determining for example, the countries or sectors performance with a large input on 
the product life cycle (UNEP-SETAC, 2009). Thus, the identified hotspots cannot 
directly be related to a specific product. In contrast, site-specific assessments collect 
data for a specific unit process or organisations and therefore can analyse the specific 
social effects related to a product. In general, there is a consensus which favours site-
                                               
3 Since there is no consistent use of the terms social categories, social impact (sub-categories), social themes 
etc. they are named as social aspects in the following.  
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specific over generic assessments, because the relevance of the differences (i.e. cultural, 
economic, political) between countries for social sustainability assessments is 
acknowledged (Klöpffer, 2008; UNEP-SETAC, 2009; Zamagni et al. 2011).       
2.3.2 Social life cycle inventory 
According to the UNEP-SETAC guidelines the sLCI includes the collection of data, for 
example, activity variables applied to allocate the social effects to the product, indicator 
values as well as data applied for characterisation (UNEP-SETAC, 2009).  
As there is no standardised method yet, the social aspects assessed as well as the 
indicators applied differ. Since 2009 many sLCA practitioners applied the social aspects 
proposed in the UNEP-SETAC guidelines (Table 2-1). Nevertheless, which and how 
many are applied differs among the case studies without clearly defined selection 
criteria. In addition, the social effects assessed further vary based on the variability of 
indicators applied, which ranges from 1 to more than 100 and differ in types (Table 
2-1). Furthermore, the indicators applied are coordinated with the goal and scope (i.e. 
generic or site-specific study) and thus rely on different data sources (e.g. statistics, 
interviews, the SHDB, surveys or own evaluations) and levels (e.g. organisational, 
regional, country, sector level). In general, in sLCA qualitative indicators (i.e. 
descriptive) and quantitative indicators (i.e. numerical) are applied, that can measure a 
social aspect directly (e.g. number of accidents) or in a more indirect manner (e.g. 
managerial measures to prevent health and safety issues) (Kruse et al. 2009; Wu et al. 
2014). Therefore, a social aspect such as “child labour” can be measured by many 
different indicators. “Operations identified as having significant risk for incidents of 
child labour, and measures taken to contribute to the elimination of child labour” 
(UNEP-SETAC, 2013), for example is one, another possibility is to describe the kind of 
child labour in the organisation (Ciroth and Franze, 2011), or to evaluate the 
“percentage of children working by country or sector” (UNEP-SETAC, 2013). 
Furthermore, the voluntary commitments by the company on abolition of child labour, 
or reports on cases of child labour as defined by the ILO core labour standard 
conventions No. 138 and 182 could be analysed to assess this specific social aspect 
(Grießhammer et al. 2007).    
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2.3.3 Characterisation 
The impact assessment in sLCA is the most debated and diverse phase in sLCA 
(Chhipi-Shrestha et al. 2015; Parent et al. 2010; Russo Garrido et al. 2016). Within the 
sLCIA methods, data collected in the previous steps are classified, aggregated and 
characterised (UNEP-SETAC, 2009). There are two main characterisation methods to be 
differentiated in sLCA. One is based on performance reference points (PRPs) whereas 
the other is following the cause-effect chains of the social effects (Parent et al. 2010; 
UNEP-SETAC, 2009). In the first one reference points are applied to identify potential 
social effects. Russo Garrido et al. (2016) have identified six key approaches: (1) 
assessment based on norm and best practice; (2) assessment based on norms and best 
practice and the socio-economic context of the unit processes; (3) assessment based on 
expert’s judgement of companies’ compliance with norms; (4) assessment based on 
researchers’ expert’s judgment on companies’ activities; (5) assessment based on how 
company or sector or a country is positions with regards to average sector, country or 
world-wide performance and (6) assessment based on how the data associated with the 
social performance of a company or a sector compares to other alternative 
companies/sectors.  
As further displayed in Table 2-1 the characterisation varies further regarding the way 
how the results are displayed. Thus, some studies use checklists with PRPs to assess 
the social effects (Ciroth and Franze, 2011; Franze and Ciroth, 2011), others apply a 
scoring between zero (no fulfilment) and one (fulfilment) (Andrews et al. 2009; 
Aparcana and Salhofer, 2013) or one between zero and four (Foolmaun and 
Ramjeeawon, 2013), or they calculate the gap between the expectation of stakeholders 
and the perception (Manik et al. 2013).  
The characterisation method based on impact pathway models, applies 
characterisation factors based on causal links (i.e. empirical formulas or rules) between 
the social effect associated to an activity and its impacts (Chhipi-Shrestha et al. 2015; 
Parent et al. 2010; UNEP-SETAC, 2009)4. One approach proposes QUALYS (Quality 
Adjusted Life Years) as a unit of impact measurement for human well-being analogous 
to DALYs (Disability Adjusted Life Years), that are applied measuring human health 
impacts in conventional LCAs (Weidema, 2006). Feschet et al. (2013) modelled the 
                                               
4 An overview on sLCA case studies applying performance reference point method for sLCIA and an 
impact pathway methods is provided by Chhipi-Shrestha et al. (2015).  
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empirical relationship between the real life expectancy at birth and the real per capita 
income using the Preston pathway curve. However, both models are of limited use 
because they refer to only some impacts such as health, employment, or salary (Chhipi-
Shrestha et al. 2015) and require further development which is why the PRP 
approaches are more commonly used (Wu et al. 2014).  
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3 Research question and aim of the thesis 
According to the previous chapters the aim of the thesis is to establish an sLCA method 
to assess bio-based products, in particular wood-based products, produced in a 
bioeconomy region (e.g. Germany). Thus, the following research questions relating to 
the three main phases in an sLCA approach (i.e. goal and scope, sLCI and sLCIA) were 
addressed: 
 
 What is an appropriate sLCA framework to assess wood-based products from 
German bioeconomy regions? (Chapter 4) 
 Which contextualised indicator set can be applied to assess social implications 
from activities associated to production activities in German bioeconomy 
regions? (Chapter 5) 
 How to characterise indicator values from organisations associated to a product 
system in order to identify social hotspots or opportunities? (Chapter 6) 
The first part of the thesis endouvars to set up a general sLCA framework to assess bio-
based products, in particular wood-based products, produced in a bioeconomy region 
(e.g. Germany). In the first part of the development of the sLCA method, major 
concepts were formulated and defined for the particular sLCA method under 
development. Thus, the general goal of the method was defined and the system 
boundaries were set. The understanding of the production system and the stakeholder 
categories taken into account were described. Furthermore, it was described how to 
establish a relation between the social effects and the product. In addition, the users of 
the sLCA method are pointed out and it is discussed how the inventory and a 
characterisation should be set up.  
In a second part, the sLCI phase of the framework was prepared through the selection 
of contextualised social indices and corresponding indicators. Therefore, several 
activities were conducted such as a screening of global and national sustainability 
standards, national forest certification standards and sLCA case studies. These 
activities were replenished through stakeholder interviews used to identify social 
aspects relevant for stakeholder. Out of these activities social aspects relevant for an 
regional sLCA to asses wood-based products were selected and adopted in a final 
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screening activity. As a result a final set of social indices and associated indicators was 
selected.  
In a third part, the sLCIA phase of the sLCA framework was developed. A 
characterisation approach based on a context-specific benchmark, which is easy to 
understand and interpret, was developed. In this regard, context-specific performance 
reference points (PRPs) were proposed which can effectively reflect the social 
conditions influencing the various organisations involved in producing a specified 
product and qualify whether the social indicator values collected from the 
organisations in the production system corresponds to a “relatively poor” social 
performance or a “relatively better” social performance. 
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4.1 Abstract 
Purpose With many policies in Germany steering towards a bioeconomy, there is a need 
for analytical tools that assess not only the environmental and economic implications 
but also the social implications of a transition to a bioeconomy. Wood is expected to 
become a major biomass resource in bioeconomy regions. Therefore, this paper 
develops a social life cycle assessment (sLCA) framework that can be applied 
specifically to a wood-based production system in one of Germany’s bioeconomy 
regions. 
Methods This paper reviews and analyses existing sLCA approaches, in terms of how 
applicable they are for assessing a wood-based production system in a German 
bioeconomy regional context. The analysis is structured according to the standard 
phases of environmental life cycle assessment (LCA). However, we use the term social 
effects rather than social impacts, to acknowledge the unknown cause-effect 
relationship between an organisation’s activities and its social impacts. We also 
consider the establishment of regional system boundaries, as well as the relationship 
between the social effects and the product being assessed. Additionally, an approach 
for the development and selection of social indicators and indices is outlined. 
Furthermore, we discuss data requirements and present an approach for a social life 
cycle impact assessment method. 
Results and discussion A new conceptual framework for a context-specific sLCA to 
assess wood-based products manufactured in a bioeconomy region was developed. It 
enables sLCA practitioners to identify “social hotspots” and “social opportunities” 
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from a regional perspective. The location and characteristics of these social hotspots 
and opportunities can be analysed, in particular, for major production activities in a 
bioeconomy region in Germany. Therefore, according to this framework, the 
development of social indices and indicators, the collection of data and the approach 
used for characterising social effects need to relate to the geographical context of the 
product being assessed. The proposed framework can, thus, help to identify, monitor 
and evaluate the social sustainability of wood-based bioeconomy chains in a regional 
context. 
Conclusions This framework requires a high level of detail in the social inventory and 
impact assessment phase, in order to assess the regional foreground activities in a 
German wood-based bioeconomy region. It enables sLCA studies to identify which 
social hotspots and social opportunities occur and where they are located in the wood-
based production system of a regional bioeconomy 
4.2 Introduction 
4.2.1 Germany’s wood-based bioeconomy 
The transition from a fossil-fuel-based economy to a bio-based economy has been 
fostered by the German government and by the EU through the establishment of their 
respective bioeconomy strategies (BMBF 2011; EC 2012; BMELV 2013). A key element of 
these bioeconomy strategies is to sustainably produce renewable biological resources 
and to process them further into high value-added products such as food, feed, bio-
based materials, bio-based chemicals and bioenergy (Ibid.). The aim is that after food 
production, higher value-added products can then be produced from the remaining 
biomass, before the biomass is used to produce energy (BMELV 2013). As a result, 
wood is (at 84%) the primary biomass resource used in energetic and material 
applications (Raschka and Carus, 2012). Its physical and chemical composition enables 
us to develop a wide range of potential applications. Therefore, the use of wood in the 
production of higher value products is expected to rise (BMELV 2013). 
Developing new materials and chemicals from wood biomass requires an integration of 
many industrial sectors and thus the development of industrial networks. A wood-
based bioeconomy would, therefore, encompass all sectors related to the chemical and 
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pharmaceutical industry, in addition to sectors related to traditional forest clusters.5 All 
production activities cause potential environmental, economic and social benefits and 
risks (BMBF 2011; Müller and Knierim 2012). Particularly social implications (e.g. 
effects on quality of life) attract the attention of the public, as these may influence 
society’s acceptance of the development of a bioeconomy within a region (Kircher 
2012). Due to the relevance of the wood-based industry for the German bioeconomy, 
research is required to identify, evaluate and monitor the social sustain- ability of 
wood-based bioeconomy chains in a regional context. 
4.2.2 Social life cycle assessment 
There are currently a variety of tools and approaches to evaluate and manage the social 
sustainability of an organisation (UNEP-SETAC 2009). Social impact assessment, for 
example, is a precautionary analytical tool that focuses on the potential social issues 
associated with future projects (Esteves et al. 2012). Management standards, such as 
ISO 26000 (ISO 2010), the Global Reporting Initiative standard (GRI 2011) or the Social 
Accountability 8000 standard, SA8000, (SAI , 2008), are more guidance-based, advising 
organisations on how to conduct a socially responsible business. These tools are unable 
to assess or monitor how the well-being of individuals is affected throughout a 
product’s life cycle. However, it is crucial to assess the effects along the entire chain in 
order to avoid a shift in social effects.6 Therefore, there is increasing interest among 
researchers and industrial practitioners to develop a consistent sLCA approach (e.g. 
Hunkeler 2006; Jørgensen et al. 2008; Macombe 2013). In general, sLCA approaches can 
assess the social effects associated with the organisations in a production system. The 
results can be applied to improve the social performance of the organisations and 
therefore positively influence the well-being of affected stakeholders (Jørgensen et al. 
2008; Parent et al. 2013). 
While many sLCA approaches have been developed, a standard method has yet to be 
agreed upon. The major aspects still under discussion with regard to the 
implementation of sLCA include indicator selection and analysis (e.g. Lehmann et al. 
                                               
5 A forest cluster encompasses raw timber-producing forestry enterprises, processing industries of semi-
finished wood, pulp and paper products, and downstream manufacturing industries that provide end 
consumers with various finished wood and paper products (Kies et al. 2010). 
6 Most social life cycle assessment (sLCA) studies refer to the assessment of impact categories and thus 
potential social impacts. However, we use the terminology of Macombe et al. (2013) who suggest using the 
term “social effects” in order to take into account the insufficiently modelled relationships between 
activities and impacts. 
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2011; Parent et al. 2013; Mathe 2014), functional unit definition (e.g. Klöpffer 2008; 
Macombe et al. 2013) and impact assessment (e.g. Reitinger et al. 2011; Feschet and 
Garrabé 2013; Ekener-Petersen and Finnveden 2013). Hence, there is neither a 
standardised nor a straightforward procedure for conducting an sLCA that analyses a 
particular type of product being produced within a region. 
4.2.3 Goal and structure of the paper 
Due to the major challenges involved in implementing the national and international 
bioeconomy strategies, there is a need to establish regional context-specific sLCA 
approaches (i.e. concepts and methodologies to be applied) in order to assess social 
effects from production activities on the relevant stakeholder groups. Hence, the goal 
of this paper is to introduce and describe the most applicable sLCA concepts and 
approaches which can be applied in the context of assessing the social sustainability of 
wood-based production systems in a German bioeconomy region. A series of case 
studies, methodological developments and review papers are presented with regards 
their applicability to identifying social hotspots and opportunities for regional wood-
based production systems. Additionally, the reviewed literature is used to identify 
potential challenges for such a sLCA approach which still need to be addressed. We 
structured the analysis according to the main phases of sLCA along the same lines as 
those defined by ISO 14040 (Klöpffer 2008). In a subsequent paper, we will present the 
developed sLCA method applied to a case study, including concrete social indicators, 
indices and performance reference points. 
4.3 Defining the goal and scope 
4.3.1 Defining the goal—the purpose of the developed sLCA approach 
Generally, sLCA results can address a wide range of decision makers, such as industry 
management, consumers and public decision makers (Jørgensen et al. 2008). However, 
this paper focuses on the producers’ perspective and, therefore, con- siders the 
organisations within a wood-based production system as the users of the results 
derived from applying the developed sLCA approach. The organisation producing the 
evaluated final product, as well as organisations found along the production chain, 
should be informed about the complete product’s social performance, as well as about 
their own social individual performance. Thus, organisations potentially causing 
social effects to the stakeholders defined in Sect. 4.3.4 should use the sLCA results in 
order to prevent negative social effects. The sLCA approach can help to identify social 
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hotspots and opportunities for organisations along the production chain, to improve 
their social performance. In this case, the term social hotspot denotes the aspects along 
the production chain that have a relatively high potential for improvement in terms of 
their social performance. A social hotspot can therefore be associated with either one 
behavioural aspect of an organisation, the specific social performance of an individual 
organisation, or a life cycle stage that is comprised of several organisations. The social 
performance of a product can be captured by social indices, which are able to evaluate 
both negative and positive social effects (Section 4.3.7). Accordingly, we define social 
opportunities as the aspects along the production chain associated with one behavioural 
aspect, an individual organisation or a life cycle stage with good social performance as 
indicated by the social indices. These social opportunities should be fostered further in 
order to improve socially sustainable development. This assessment can be used to 
inform the producers in the regional wood- based production system so that the social 
effects caused by their production activities can be improved or prevented. 
4.3.2 Regional system boundaries 
In an sLCA focusing on the potential social implications of a wood-based regional 
bioeconomy chain, we assume that all relevant activities related to the main life cycle 
stages of a wood product (e.g. wood harvesting, wood transport, pre- processing and 
the production stage of the wood product) are located in a geographic area smaller 
than a country (Figure 4-1a). We refer to this geographic area as the regional 
bioeconomy foreground, denoting all activities within this area as regional foreground 
activities (O’Keeffe et al. 2016). The region immediately influenced by these activities 
is de- fined as the bioeconomy region (including both production site and surrounding 
communities) (Figure 4-1b). The regional system boundaries are determined by the 
administrative level for which data and statistics are available (e.g. the federal states of 
Germany). Thus, the location of the major foreground activities in a wood product’s 
life cycle determines the federal states that constitute the regional system boundaries 
(Figure 4-1c). Identifying the geographic region where the major activities of the 
production system take place is imperative for the regional sLCA, as it influences how 
the social indices and indicators and characterisation approaches are developed and 
inventory data is collected. These aspects will be discussed in detail in Sects. 4.3.8, 4.4  
and 4.5. 
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Although we focus on the social implications of the foreground activities of wood-
based production systems within a German bioeconomy region, the activities outside 
the region also need to be taken into account (O’Keeffe et al. 2016). Therefore, the 
purpose of such an sLCA framework should be to provide detailed results for the 
specific production chains within the region of interest, identifying the social hotspots 
and opportunities and where they occur in the bioeconomy region, while also 
providing an overview of the potential social effects outside the region. 
 
Figure 4-1 Determining regional system boundaries in a stepwise manner. In (a), the location of the 
production sites are identified. In (b), the bioeconomy region is depicted as the sum of the areas 
influenced by the production sites and transport routes. Part (c) shows the regional system boundary 
made up of the federal states of the bioeconomy region 
4.3.3 The production system 
The production system encompasses all of the activities of the organisations involved 
in the different regional life cycle stages of the wood-based product, such as biomass 
production (BP), transport (T) or material production (MP) (Figure 4-2). Typically, an 
LCA analyses environmental performance in terms of the technical processes in a 
production system. In contrast, an sLCA considers the conduct of the organisations in 
the product’s life cycle as the main driver behind the social effects affecting 
individuals (Dreyer et al. 2006). Consequently, the production system in the sLCA is 
defined as a network of organisations which are evaluated based on their social 
performance. The performances of the individual organisations are aggregated to 
generate the product’s final sLCA. For the purpose of this paper, and especially for the 
analysis of the regional foreground activities, we also describe the production system 
in this way, as it is consistent with organisations that cause social effects. 
4.3.4 Stakeholder categories 
The social effects generated by the organisations are “felt by people or groups of 
people” (Macombe 2013: 63). In the sLCA, stakeholder categories are used to organise 
the various groups of people that are potentially affected by the organisations’ 
activities (Schmidt et al. 2004; UNEP-SETAC 2009; Ciroth and Franze 2011). In general, 
three main stakeholder categories can be recognised: workers, local communities and 
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national society. Workers refer to the people employed by the organisations involved 
in the production system (e.g. loggers, lorry drivers and factory workers). The social 
effects they experience arise from the organisation’s conduct, i.e. due to the overall 
working conditions provided by the employing organisation (e.g. overtime, 
discrimination or salaries). Local communities are stakeholders that live in physical 
proximity to a production site, i.e. saw mill or forested area, from which wood is 
harvested. They are affected by organisations’ behaviour, either positively through 
employment opportunities generated in the region, or negatively through emissions 
(e.g. noises or odour) generated by the activities of the organisations involved in the 
regional production system. National society refers to social benefits or risks to the 
community in the country of operation (e.g. Germany) and, therefore, includes the 
common social values of a civil society (e.g. NGOs and social associations). Figure 4-2 
schematically depicts how the organisations of the major life cycle stages are related to 
the selected stakeholder categories. 
 
Figure 4-2 Relationship between the production system and the stakeholder categories in a single 
production chain. At each life cycle stage (e.g. biomass production, transport or material production), 
organisations involved in the production activities affect stakeholders such as the national society in 
general, or local communities and workers 
4.3.5 Defining and using a functional unit 
One methodological challenge that is currently being faced in the development of an 
sLCA is the ability to relate the social effects to a functional unit (FU) (Hauschild et al. 
2008). The latest review carried out by Petti et al. (2014) indicates that out of 35 sLCA 
case studies, only 12 took a numerical FU into account, whereas 18 considered the use 
of a non-numerical FU (from which only 3 specified the reference flow) and 5 stated no 
FU at all. Although most studies actually define an FU to their process, they do not 
always use it to report the sLCA results and, in some cases, it is considered irrelevant. 
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This is because social effects are caused by the conduct of organisations and not 
necessarily directly by the activities involved in making a product (as in conventional 
LCA), therefore making it difficult to directly relate the organisation’s overall social 
performance to a particular product being produced by the organisations involved in 
the production system (Benoît et al. 2010; Dreyer et al. 2006; Klöpffer, 2008; Swarr, 
2009). However, if there is to be an appropriate product-related assessment, then an FU 
is a necessary requirement, with the FU being derived using the same definition as 
outlined in the ISO 14044/ISO 14040. This would also enable the sLCA results to be 
combined with conventional life cycle assessment and life cycle costing approaches. 
The concept of activity variables can be introduced, in order to generate sLCA results 
related to an FU, in an sLCA framework that deals with qualitative and quantitative 
data. We discuss this below in Sect. 4.3.6. 
4.3.6 Activity variables—relating social effects to the product 
Although the social indicators (e.g. average working week) used to calculate the social 
effects often cannot be expressed per unit of an organisation’s output, they can, 
however, be related to corresponding performance reference points,7 or PRPs, for each 
organisation in the production system. Thus, each quantifiable social indicator value 
(e.g. 50 h per week) of the organisations in the regional foreground is assessed with a 
respective PRP (e.g. 48h per week). Using a scoring system (e.g. 1 = worst social 
performance and 10 = best social performance), the social indicator results are then 
displayed as a relative social performance score. This calculation procedure is outlined 
in Figure 4-3, where the relative social performance scores of a sample social indicator 
(SI) are aggregated into social indices (I). The organisations’ indicator values are 
directly translated through PRPs into a relative score. This allows an appropriate 
discretion when assessing confidential organisational data during the evaluation 
process. Activity variables, such as working hours, value added per activity and mass 
can then be used to relate an organisation’s social performance to an FU equivalent to 
those used in environmental LCAs. This is done by calculating the proportion of the 
products produced by one organisation which contribute to the end product under 
consideration. In Figure 4-3, the activity variables are displayed on a mass basis. For 
                                               
7 Performance reference points (e.g. average German working week) indicates thresholds, benchmarks or 
objectives (UNEP-SETAC 2009) developed with regard to a production site’s geographic location and its 
corresponding industrial sector. (Please see Sect. 4.5, where we discuss the social life cycle impact 
assessment, for more details on the suggested PRPs.) 
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example, the first organisation produces 20% mass weight of the end product under 
consideration. Therefore, the social index value is multiplied by 0.2, the activity 
coefficient. Thus, the final social indices which are used to assess the production 
system are proportionately weighted with the activity factor of an organisation’s 
production that is put towards the end product (Figure 4-3). The resulting social life 
cycle inventory (sLCI) of all the associated organisations in the bioeconomy region is, 
therefore, a matrix of relative (dimensionless) numerical values, which are in 
proportion to an organisation’s contribution to the product’s FU. These are regarded as 
being equivalent to the scaling matrix used in conventional LCA computations 
(Heijungs and Suh 2002). 
However, it must be noted that the approaches for relating the social effects to the 
product in an sLCA are still at an early stage of development and require further 
research and discussion. 
 
Figure 4-3 Consolidating the relative social performance scores of the social indicators (SI) into social 
indices (I) and relating the proportion of these individual organisations’ social performances to the final 
product using a mass-based activity variable 
4.3.7 Social indices and indicators 
In social science, the sLCA concepts of social impact categories and indicators are 
defined as social indices. This terminology is applied in this sLCA framework to 
acknowledge unknown cause-effect relationships between an organisation’s activities 
and its social effects (Macombe et al. 2013). The social indices can comprehensively 
relate social issues (e.g. average working week and average overtime per day) to 
concepts such as the work-life balance of the workers. This concept makes it easier to 
understand for decision makers because it provides a single estimate based on a broad 
assessment concept. Each social index is characterised by one or more social indicators 
which are used to estimate the state of the index. The social indices and their 
relationship to the previously identified stakeholder categories are depicted in Figure 
4-4. Common social indices applied in sLCA studies include freedom of association, 
wages and salaries, discrimination, forced labour, child labour, and health and safety 
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(Dreyer et al. 2010a; Halog and Manik 2011; Foolmaun and Ramjeeawon 2013; 
Hosseinijou et al. 2014). However, sLCA approaches use various social indices and 
different numbers and types of social indicators. Therefore, the appropriate selection 
and development of such indices and indicators remains one of the major challenges in 
sLCA. Section 4.3.8 below discusses and proposes a means of developing social indices 
and indicators in order to assess production systems from a regional perspective. 
 
 
Figure 4-4 Graph of the social indices and their relation to the stakeholder categories. Each social index is 
calculated by one or several social indicators and relates to one of the identified stakeholder categories 
4.3.8 Developing context-specific social indices and indicators 
Social indices may be defined on a global basis or for a specific geographical context 
(e.g. for a group of countries, a single country or a federal state) and/or a particular 
field of interest (e.g. the national economy, a specific industrial sector or a societal 
group). The social indices and indicators must be specified since an organisation’s 
conduct is highly influenced by a region’s socio-economic conditions, e.g. the cultural 
setting, the legislation or common societal norms (Hauschild et al. 2008; UNEP-SETAC 
2009; Zamagni et al. 2011). Therefore, the social aspects which are relevant for such a 
system and which can account for the socio-economic conditions in the region have to 
be identified and translated into social indices and indicators. In order to select 
relevant social aspects and to aggregate them into social indices, we suggest 
combining top-down, globally relevant social sustainability aspects with bottom-up 
context-specific social aspects as proposed by Dreyer et al. (2006). 
In the top-down analysis, social indicators and indices from documents containing 
international sustainability standards (e.g. SA 8000, ISO 26000 and Global Reporting 
Initiative (GRI)), as well as current sLCA approaches, should be analysed with regard 
to their applicability and relevance to the context of the regional study (SAI 2008; ISO 
2010; GRI 2011). The relevant social aspects identified are then specified further and 
refined to suit the context of the study (e.g. the wood-based system) and the socio-
economic conditions within the regional system boundaries (Figure 4-1). This analysis 
is also applied to develop and select social indicators and indices for identifying social 
hotspots outside the region. 
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The bottom-up approach uses, for example, national sustainability strategies (e.g. 
Germany’s sustainability strategy (Statistisches Bundesamt, 2014)) in combination 
with regional strategies (e.g. Saxony’s sustainability strategy (SMUL, 2013)in order to 
refine the identified social aspects. Another important aspect of the bottom–up 
analysis is the integration of the interests and preferences of the affected stakeholders 
(identified in Sect. 4.3.4). This, in turn, should be used to create social indices that 
make sense for the stakeholder, as suggested by Mathe (2014), while also being 
representative of the regional situation. Thus, which data collection method (e.g. 
literature analysis, expert interviews or focus groups) to use and who should be 
considered when identifying stakeholder interests heavily depends on the context of 
the study and the capacities of the sLCA practitioner. 
Therefore, for assessing wood-based products from a bioeconomy region, the social 
indices should account for underlying national social issues (e.g. the high gender pay 
gap in Germany), common social norms (e.g. appropriate work-life balances), sector-
specific issues (e.g. a relatively high rate of fatal accidents in the forestry sector) and 
the interests and preferences of the affected stakeholders in the region. Social 
indicators, selected and developed in this way, guarantee an accurate assessment from 
a regional perspective.  
4.3.9 Presenting the social effects to regional producers 
SLCA practitioners can report the results on the regional foreground (i.e. the social 
hotspots and opportunities) obtained through calculating the social indicators and 
indices in different ways. The organisation producing the evaluated final product, as 
well as the organisations found along the production chain, is the potential user of the 
sLCA results. The final results can be reported in a manner of different ways, 
depending on the receiver of the information and its interest. Reporting results at the 
highest aggregation level would present the results of the social indices for the 
assessed product, grouped according to stakeholder categories. Therefore, since the 
social performance of the different organisations involved is consolidated along the 
production chain, no single organisation is identifiable in the final result. In addition, 
the results can also be reported with a lower aggregation, e.g. the characterised results 
of the social indices for each individual organisation can be provided to each. 
Additionally, the results of the social indicators, which are consolidated into the 
indices, can also be provided. These detailed results can be used by organisations to 
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compare their behaviour to the status quo of their particular sector and/or region in 
which they are operating. Producers can use this information when making decisions 
about the internal management or external communication of their social 
performance. On the whole, the information generated from this type of sLCA 
analysis should encourage decision makers to take more sustainable courses of action. 
4.4 Social life cycle inventory (sLCI) 
4.4.1 SLCIs in global hotspot assessment studies 
Data is collected in the sLCI to estimate the social indicators which were identified as 
being relevant to the goal and scope. Life cycle assessment tools are traditionally 
considered to be global assessment tools since current production systems are 
connected to the global economy (Heijungs and Suh 2002). In this regard, global 
hotspot assessment studies aim to identify social hotspots throughout a global product 
life cycle to improve and ensure sustainable performance by reducing potentially 
socially negative effects across the entire product life cycle. Inventories for sLCA are 
compiled across different scales (i.e. generic or site-specific), due to the availability of 
time and data and the purpose of the study. Often generic data at a high aggregation 
level (e.g. national or sector level) is used to scan global product life cycles for social 
hotspot locations. Thus, the potential social effects of the product life cycle under 
consideration are determined by the social conditions in the country or sector. As a 
result, countries or country-specific sectors, where there is a high risk of severe social 
issues or where there is potential opportunity for improvement, are identified (Ciroth 
and Franze 2011; Ekener-Petersen and Finnveden 2013; Benoît-Norris et al. 2014). This 
method is well suited for approximating the social effects associated with a product’s 
life cycle, i.e. the type of social issues and the country or sector in which they occur. 
These results serve more as a scoping step for further site-specific investigations, 
because the data on social conditions in a country or sector cannot be directly linked to 
one specific production chain or its associated organisations. Generic inventories can 
provide a general understanding of the system; however, this does not take into 
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4.4.2 SLCIs in regional hotspot assessment studies 
While a global hotspot assessment approach can help answer questions about social 
issues related to the German forestry sector in general, it cannot support the 
assessment of the social performance of specific foreground activities in a bioeconomy 
region. Therefore, to assess the regional foreground, a site-specific sLCI approach is 
necessary to identify social hotspots and opportunities of a particular product. Thus, as 
a first step, the major foreground activities have to be identified along with the 
organisations involved in the production system. Furthermore, their geographic 
location has to be determined in order to select the context-specific PRPs (see Sect. 4.5). 
To estimate the social indicators, data is collected directly from the organisations 
associated with the regional foreground activities (e.g. through personal interviews or 
questionnaires, and web searches). In this regard, information collected about the 
behaviour of the different organisations is based on the developed context-specific 
social indicators. The indicator values combined with the related PRPs allows a social 
profile for each organisation to be established that shows their specific social 
performance. Thus, the relative social performance scores indicate a social hotspot or 
opportunity of the particular social aspect addressed with the social index. The social 
profiles can be used to inform decision makers on their contribution to the overall 
social effects of the product being assessed. 
In addition to the regional foreground activities, the social effects occurring outside the 
regional system boundary also have to be taken into account. This can be done by 
collecting generic data on social indices, selected form a top–down analysis, which can 
help to efficiently identify social hotspots outside the region. Global hotspot 
assessment methods can scan global product life cycles for “locations” (e.g. countries 
or country-specific sectors) where there is a potentially high risk of severe social issues 
(UNEP-SETAC 2009). They can provide an overview of the social issues outside the 
system boundaries and therefore contribute to the analysis of the entire system outside 
the foreground activities. 
In the end, sLCIs will consist of two different data scales: (i) site-specific inventories for 
the regional foreground activities and (ii) generic inventories for the global product life 
cycle outside the region (Table 4-1). This requires two different levels of interpretation. 
For the regional foreground activities within the system boundaries, we can directly 
relate the identified social hotspots and opportunities to the particular production 
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system and the individual organisations. This detailed information helps us better 
understand the social effects resulting from wood-based production system in a region 
and therefore can support regional decision makers within the organisations. 
Furthermore, we can locate the social effects in the region and thus identify specifically 
affected stakeholders. In contrast, for the activities outside the region, an overview can 
be provided about the social hotspots related to the countries and country-specific 
sectors. 
Table 4-1 Data scale applied in the developed sLCA framework 
Scope Inventory Activities Results 
Regional 
foreground 
Site-specific data (e.g. 
organisational  level) 
Personal interviews or 
questionnaires, web 
searches 
Social hotspots related to 









Social hotspots related to countries or 
country-specific sectors 
4.5 Social life cycle impact assessment (sLCIA) 
After collecting the sLCIs from the regional organisations, the next step is to determine 
whether they indicate a “good” or “bad” social performance with regard to the specific 
social aspect. For this, the indicator values need to be characterised by a certain 
reference (e.g. benchmark). However, unlike conventional LCA, the ability to estimate 
or provide characterisation factors associated with the social cause–effect pathways is 
still at an early stage of development for sLCA. One approach outlined in the literature 
for characterising social effects is the introduction of PRPs used to calibrate the social 
indicators. This characterisation approach augments the inventory data and enables 
contextualisation (Paragahawewa et al. 2009). PRPs describe a threshold, benchmark or 
ideal objective (i.e. a desirable value) for the indicator values (UNEP-SETAC 2009; 
(Revéret et al. 2015). Accordingly, PRPs enable the position of an indicator value to be 
assessed relative to the performance expected from a set reference value 
(Paragahawewa et al. 2009). In other words, the PRPs can be used to calculate the level 
of an indicator value’s social performance (Revéret et al. 2015). This is referred to as the 
relative social performance. Three major types of PRPs or approaches for characterising 
indicator values can be found in the literature (Table 4-2). 
In the following sub-sections, we explore the three approaches within a regional 
context and describe why regional sector-specific PRPs should be prioritised as a four-
tier PRP characterisation approach. 
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4.5.1 Characterisation method: international PRPs 
Ciroth and Franze (2011) provide an example of such PRP characterisation method on 
an international level, which is summarised in Table 4-2. The authors adopted the PRPs 
from ILO labour standards, ISO 26000, or the “OECD Guidelines for Multinational 
Enterprises” to assess the social indicators. These approaches are useful for evaluating 
global production systems with a common social sustainability standard. 
However, these standards represent only a minimum standard due to their global 
applicability. For the purpose of the sLCA framework developed here, international 
PRPs are too general to assess production systems in a German bioeconomy region. 
Nevertheless, they can be used within the framework to characterise the generic 
inventory data applied to assess the activities outside the regional system boundaries. 
4.5.2 Characterisation method: national PRPs 
Chang et al. (2015) provide an example of a characterisation method that takes into 
account the national back- ground of the production sites (Table 4-2). They compare 
organisations’ wage levels with the national non-poverty wage. Characterisation on a 
national level is useful for understanding the value of an indicator with regard to a 
country’s average social performance. Ramirez et al. (2014) stated that countries with a 
positive performance encourage organisations to comply with international agreement 
requirements and thus support good social performance. Therefore, the country’s 
socio-economic conditions should be taken in to account when characterising the 
indicator values. This is also useful for an sLCA framework which focuses on a specific 
region within a country, as it can provide valuable insights into how the system 
performs in relation to national sustainability standards. The difference between this 
type of approach and the previous one is that, in this case, the PRPs are not valid for 
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Table 4-2 Three levels of performance reference points (PRPs) have been identified in the literature 
Level of PRPs Examples of PRPs Characteristic Example studies 
International 
level 
Companies should contribute to the 
reduction of local unemployment by 
hiring local suppliers (Ciroth and Franze, 
2011) 
Objective (Ciroth and Franze, 




National level Country-specific non-poverty wage 
(Chang et al. 2015) 
The sum of the employed and 
unemployed in South Africa is used as a 
target value for employment creation 






(Dreyer et al. 2010b); 
(Chang et al. 2015) 
Sector level List of social benefits most commonly 
provided to farm workers (wage, 
insurances, pension plan contributions, 
paid sick days) (Revéret et al. 2015) 
Benchmark (Revéret et al. 2015) 
4.5.3 Characterisation method: sector PRPs 
This type of characterisation method uses an additional component to the international 
or national PRPs. In Table 4-2, we present the case of Revéret et al. (2015), as an sLCA 
study that applies PRPs on a sector level. In their study on the Canadian milk 
production sector, they selected, in addition to national PRPs (e.g. minimal legal 
requirements), sector PRPs related to sectoral standards (Ibid.). These can either 
indicate average sectoral performance such as the sector median salary or best practice 
examples (Ibid.). Thus, the indicator values of the organisations in the production 
system are related to the general performance of a sector, such as the milk sector in this 
Canadian example. A key aspect of sector PRPs is the ability to take into account the 
differences in the social conditions between the sectors (e.g. the forestry sector and the 
processing industry), as well as the similarities within the sectors. This is particularly 
significant when, for example, working conditions are evaluated. In the forestry sector, 
workers commonly work outside in difficult and challenging conditions. Therefore, 
this working environment cannot be compared with the working conditions of an 
office worker. It should be noted that sector PRPs can be developed on an 
international, national and regional level to provide greater regional and spatial detail. 
4.5.4 Characterisation method: regional PRPs 
Regional PRPs (e.g. at an administrative level below country level) can provide 
valuable insights into the social sustainability of a wood-based production system 
within a specific regional context. Having more detailed regional information is useful 
4  SOCIAL LIFE CYCLE ASSESSMENT: IN PURSUIT OF A FRAMEWORK FOR ASSESSING WOOD-BASED 
PRODUCTS FROM BIOECONOMY REGIONS IN GERMANY    30 
 
for understanding the social effects of regional fore- ground activities in a bioeconomy 
in relation to the status quo or best practice in the region. It is necessary to include 
PRPs on a regional level (e.g. average wage in the corresponding federal state), 
especially if there are greater differences in conditions within a country. 
In Germany, for example, income differs between the federal states (Fuchs et al. 2014). 
Therefore, the indicator value of an activity in a “low income region” (e.g. Thuringia or 
Saxony) cannot be compared with a PRP from a “high income region” (e.g. Bavaria or 
Baden-Wuerttemberg). However, a regional differentiation of the PRPs may not be 
necessary in every case. In small countries, the national administrative lev- el may be 
enough to define the PRPs if social conditions are more or less homogeneous 
throughout the country (e.g. Ireland or the Netherlands). However, in larger countries 
where there are greater regional differences in social conditions (e.g. the US or 
Germany), regional PRPs are more than likely required. 
Needless to say, the selection and application of PRPs should be carried out with great 
care. The PRP set for indicators which are to be used in a regional study should, 
therefore, aim to achieve higher social standards than those outlined in international 
standards, regardless of the geographical location of interest. The purpose of applying 
contextualised PRPs should be to foster sustainable development and, hence, to 
provide incentives for improved social behaviour. Additionally, to avoid a positive 
evaluation of severe behaviour, the PRPs should be developed not only from national, 
sector and/or regional statistics but also from desirable values. For example, the 
desirable value for the indicator “accidents” is zero and the statistical average in the 
sector would add information about the range of indicator values. To calculate the 
relative performance, both pieces of information have to be taken into account to avoid 
a positive characterisation of a negative social performance. Thus, the ideal expected 
performance, as well as the best or average practice, should always be included in the 
development of PRPs. The use of statistics in the development of regional (sector- 
specific) PRPs removes elements of subjectivity, ensures transparency and provides 
information about the status quo of a sector and region, for which we have no 
indication of the ideal values (e.g. management measures). Therefore, PRPs are 
valuable references to evaluate the level of social performance indicated by the 
organisations’ indicator values. 
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Consequently, for the purpose of assessing regional wood-based foreground activities, 
regional sector-specific PRPs (e.g. average wage in the forestry sector in Saxony) 
should be preferred over national sector-specific PRPs (e.g. average wage in the 
forestry sector in Germany). However, to characterise a generic sLCI for activities 
outside the region, a higher level of PRPs (e.g. national or international) should be 
applied since the inventory values are also on a higher level (country or country-
specific sector). 
4.6 An sLCA framework for regional bioeconomy chains 
The regional sLCA framework should provide sLCA practitioners with appropriate 
concepts and approaches to analyse “social hotspots” and “social opportunities” from 
a regional perspective. The particular purpose is to identify and evaluate social effects 
relating to a product and the organisations involved in the production activities found 
within a bioeconomy region. Therefore, based on the assessment of literature outlined 
in the previous sections, we propose the sLCA framework, for assessing regional 
wood-based bioeconomy chains, which is outlined in Figure 4-5. 
The goal and scope of the framework (Box 1) involve the identification of social 
hotspots and opportunities of the foreground activities involved in a wood-based 
production system in a German bioeconomy region. The conceptual regional sLCA 
framework and the relationship between the social indicators and their characterisation 
with PRPs (as addressed in Sect. 4.4) are depicted in Box 2. Furthermore, Box 2 shows 
that the social indices (addressed in Sect. 4.3.7) are associated with one identified 
stakeholder category (addressed in Sect. 4.3.4). Box 3 in Figure 4-5 illustrates the 
operationalisation of the sLCA framework, with inventory values being derived 
directly from organisations in the production system (for the regional foreground), 
scored and ranked using regional/ sectoral derived PRPs, weighted and allocated for 
each organisation relating to their activity variable, finally defining their contribution 
to the FU determined for the study. 
Thus, as a first step, the inventory for the production activities in the bioeconomy 
region is compiled. Site-specific data is collected from all of the organisations involved 
in production activities related to biomass production (BP), transport (T) or material 
production (MP) (i.e. the life cycle of the product). The social indicator values collected 
are used to develop social inventory matrices for each organisation of interest. This 
enables the identification of social effects directly related to the product of interest and 
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those particular organisations involved in the production system within a bioeconomy 
region. 
The second step is to evaluate the social indicator values in the inventories with PRPs. 
The PRPs used as a type of characterisation method contextualises the individual 
inventories to a particular reference or benchmark. As the framework should enable 
social hotspots to be identified from a regional perspective, the use of regional sector-
specific PRPs should be prioritised (e.g. average wage in the forestry sector in Saxony) 
over national sector-specific PRPs (e.g. average wage in the forestry sector in 
Germany). Consequently, social effects caused by the particular organisations in the 
production system can be evaluated through the PRPs and be presented as 
organisations’ relative social performance scores to them. 
In a third step, outlined in Sect. 4.3.6, activity variables (e.g. working hours, value 
added per activity and mass) can then be used to relate the organisations’ social 
performance to an al- ready established FU by calculating the proportion of the 
products produced by one organisation in relation to the end product. The resulting 
sLCIs of the organisations is a dimensionless matrix of relative numerical values. Each 
social index value represents an organisation contribution to the product’s FU. The 
consolidated inventories form one social inventory matrix for the product of interest. 
Thus, the final social indices assessing the product are proportional to the activity 
factor of an organisation’s production that goes into making the end product. The sum 
of the different social indices then identifies the overall social performance of the 
wood-based product. 
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Figure 4-5 SLCA framework for the assessment of wood-based products from bioeconomy regions. While 
Box 1 repeats the goal and scope, Box 2 presents the general conceptual framework, and Box 3 is an 
example of operationalisation 
4.7 Summary and outlook 
This paper proposes a regional context-specific sLCA framework to comprehensively 
address social effects occurring in the region where major production activities are 
found and is outlined in Figure 4-5. 
When analysing regional social effects from a life cycle perspective, it is necessary to 
assess the regional foreground activities, as well as the potential social effects, outside 
the regional system boundaries. We, therefore, propose that, as part of the sLCI, site-
specific data be collected directly from the organisations associated with the 
production activities found in the region and generic data on potential social issues in 
countries or sectors associated with activities outside the region. For developing and 
selecting international accepted and context-specific social indices and indicators, a 
combined top-down and bottom-up approach is suggested in order to calculate the 
social effects occurring from the regional foreground. This approach is crucial for 
adequately addressing industry- and location-specific social effects. 
While the indicator values collected in the sLCIs itself are “neither good nor bad” 
(Klöpffer 2008), they have to be characterised in the sLCIA phase. The use of PRPs, as 
discussed in this paper, presents one way of characterising the collected indicator 
values. Since the aim is to take into account the regional context, we suggest 
prioritising regional sector-specific over national sector-specific PRPs. Thus, the 
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relative social performance of a particular organisation and the final product of interest 
can be calculated. 
Despite the remaining challenges in developing an sLCA approach, the framework for 
the context-specific sLCA, presented in this paper, is a starting point for answering the 
following overall questions: (i) “How can the relevant aspects of social sustainability be 
identified and assessed for a product from a bioeconomy region?” and (ii) “How can 
such assessments be used to monitor and evaluate production systems in a 
bioeconomy region?” Thus, the framework can be used to develop an sLCA method to 
accurately analyse a product’s social performance from a regional perspective in order 
to inform decision makers about improving or preventing social effects caused by their 
production activities. 
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5.1 Abstract 
Wood-based products will play a pivotal role in the development of German 
bioeconomy regions. This transition in production patterns should develop sustainably 
without negative effects to the environment and society. Therefore, appropriate 
assessment tools are required to measure and document (un)sustainable aspects. The 
use of life cycle thinking enables the assessment of sustainability issues relating to such 
wood-based products. However, life cycle assessment approaches assessing 
sustainability implications from a regional perspective have not been fully developed 
yet. A regional perspective is especially required when assessing products’ social 
implications as they are determined by the national and regional socio-economic 
conditions. In a previous work, we established the “RESPONSA” framework (i.e. a 
REgional SPecific cONtextualised Social life cycle Assessment) to assess a product’s 
social performance from a regional perspective, directly accounting to the 
organisations behaviour and therefore providing specific information to support 
producers’ decision-making. This paper focuses on developing a set of social indices 
and related indicators applicable to wood-based production systems in Germany. This 
was done in four steps: 1) screening of global, German and wood related sustainability 
standards; 2) analysis of sLCA case studies; 3) conducting of stakeholder interviews. 
This allowed the preselection of social aspects relevant to the socio-economic context of 
interest (i.e. wood-based production chains in German bioeconomy regions). To set up 
the final set of social indices and indicators, the preselected sets of social aspects, in a 
fourth step, were further screened regarding their feasible implementation. The 
5  SOCIAL LIFE CYCLE ASSESSMENT INDICES AND INDICATORS TO MONITOR THE SOCIAL IMPLICATIONS 
OF WOOD-BASED PRODUCTS    36 
 
established set provides a starting point for assessing and monitoring social 
implications from wood-based production systems in a regional foreground. 
5.2 Introduction 
Current debates promote a bioeconomy as a cornerstone for more sustainable 
production (Ingrao et al. 2016). The bioeconomy strategies aim to change current fossil-
fuel based production activities into production processes based on biological 
renewable resources (BMBF, 2011; BMELV, 2013). Considering Germany’s leading 
position in woody biomass production (i.e. second in Europe and tenth in the world), 
wood-based products will play a pivotal role for this transition (BMBF, 2011; 
FAOSTAT, 2015; Raschka and Carus, 2012). It is not clear however, how adaptions and 
modifications of already established industries may evolve in a sustainable manner. 
Therefore, to accompany such a transition process, the potential environmental, 
economic and societal implications have to be assessed and monitored. Life cycle 
thinking is promoted to effectively assess and monitor if these new modes of 
production will result in more sustainable, economic, social and environmental 
outcomes. Indeed such life cycle thinking has recently being expanded to assess the 
potential social implications of wood-based production activities (Siebert et al. 2018a). 
Siebert et al. (2018a) proposed a context-specific social life cycle assessment (sLCA) 
framework in order to assess wood-based products from a German bioeconomy 
region. The framework focuses mainly on the potential social implications of 
foreground activities related to a wood-based production system within a particular 
study region (Figure 5-1), whereas social effects outside the system boundary are 
considered, but not with the same level of detail. This paper focuses only on the 
development of particular social indices and corresponding indicators relevant to 
assess wood-base production activities from German bioeconomy regions and thus 
within the regional foreground. This is a major step necessary to focus the 
establishment of the most appropriate social life cycle inventory (sLCI). 
Unlike conventional LCA with relatively clear cause and effect chains, in sLCA the 
cause and effect chains are difficult to correlate, with regards to production activities 
and their potential social effects, making it often quite challenging to select appropriate 
indicators. Furthermore, there is currently no standardised indicator set established, 
and this has led to the huge variety of social indices and indicators applied in the 
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literature, some of which have been implemented without proper indication or reason 
for their use. 
Nevertheless, some guidance is provided by the sLCA guidelines that propose a 
comprehensive approach for conducting sLCA studies with major impact categories 
(UNEP-SETAC, 2009). Many authors applied their categories as well as indicators 
proposed in the corresponding methodological sheets (UNEP-SETAC, 2013). Other 
authors developed their own indicator sets with participatory approaches (Luca et al. 
2015). However, as data availability is highly diverse, the indicators that can be applied 
also differ. Furthermore, many sLCA studies apply national data to set up the sLCIs 
and use global references for characterisation, or they use organisational site-specific 
data with a limited focus on one life cycle stage which is then compared to an 
alternative. To our knowledge there are no sLCA studies which collect indicator values 
from organisations along the production system and also characterise them, using 
primarily quantitative regional sector-specific references, as RESPONSA aims to do. 
The main reason for this is due to limited data availability. However, as the 
organisations within the focus bioeconomy region in Germany were amalgamated into 
clusters, this provided a better opportunity to access and structure the life cycle 
approach data at various different levels. 
For a more comprehensive sLCA method, a limited set of indicators and indices 
relevant to the study context, (i.e. wood-based production chains in German 
bioeconomy regions) is required, selected in a transparent manner which can easily be 
outlined. Therefore, this paper aims to define the most appropriate and relevant social 
indicators that can be aggregated into a comprehensive set of social indices8 which can 
be used to effectively assess the potential social implications of a wood-based product 
produced within a German bioeconomy region, as proposed by Siebert et al. (2018a). 
This set will be the basis for establishing the social inventories with the “RESPONSA” 
framework, (which stands for the acronym of a REgional SPecific cONtextualised 
Social life cycle Assessment). Thus, such a set of social indices also enables the 
assessment of social hotspots and opportunities relating to the foreground activities 
involved in wood-based production systems within a German bioeconomy region. 
                                               
8 We define the sLCA concepts of social impact categories as a social index, in order to acknowledge 
unknown cause effects relationships Siebert et al.  (2018b). The indices should provide a single estimate of 
a social issue or opportunity and thus, make them easier to understand for decision makers. Each index is 
characterised by one or more social indicators. 
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Such indices also help to account for the social performance of all the organisations 
involved in the production chain within the study region. 
 
Figure 5-1 A graphical representation of the scope of the RESPONSA framework. All relevant activities 
related to the main life cycle stages are assumed to be located in a geographic area smaller than a country. 
This area is referred to as the bioeconomy foreground. The location of the organisations associated to the 
activities determines the federal state that constitutes the regional system boundaries. 
5.3 Materials and methods 
5.3.1 Screening criteria 
 Siebert et al. (2018a) outlined the RESPONSA framework to assess the social 
performance of organisations involved in the production of wood-based products in a 
German bioeconomy region. Figure 5-1 depicts the scope of the sLCA framework, the 
system boundaries and the definition of the production system. The focus of the study 
is within the boundaries of a producing region (O’Keeffe et al. 2016), assumed to be an 
area smaller than a country, thus all relevant life cycle stages of a wood product found 
within this boundary (e.g. wood harvesting, wood transport, pre-processing, and the 
production stage of the wood product) are considered. We refer to this geographic area 
as the regional bioeconomy foreground. The regional system boundaries are 
determined by the administrative level for which references (i.e. data and statistics) are 
available for characterising the indicator values collected from the organisations in the 
production system (e.g. the federal states of Germany). The social implications to be 
monitored are associated with the conduct of the organisations along the life cycle. The 
social aspects9 considered affect: 1) workers employed in the organisations, 2) the 
                                               
9 A social aspect is defined as anything related to human well-being. In the literature a diversity of 
terminologies is applied and the term social aspects may refer to any number of general topics, such as: 
objectives, social issues or opportunities, indicators, indices or impact categories. For simplicity and for 
ease of discussion we did not differentiate between them and named all relevant selected themes and 
topics as social aspects. 
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surrounding local communities and 3) the national society of the country. An 
organisation’s conduct is highly influenced by national and regional socio-economic 
conditions, e.g. the cultural setting, the legislation or common societal norms 
(Hauschild et al. 2008; UNEP-SETAC, 2009; Zamagni et al. 2011). 
A sLCI should aim to incorporate these conditions and collect data directly from the 
associated organisations to assess social effects directly related to the product of 
interest. Therefore, several research steps were taken in order to select relevant social 
aspects for setting up a context-specific set of social indices and corresponding 
indicators. To start the screening process the following criteria were used to review the 
literature for potential social aspects: 
 
 Importance for the national socio-economic conditions (i.e. Germany) 
 Direct accountability for the organisation’s conduct (i.e. site-specific aspects) 
 Descriptive relationship between the organisations’ conduct and social 
implications for the relevant stakeholders 
 Association with relevant stakeholder categories: workers, local communities, 
national society10 
 Relevance at all life cycle stages found within the regional foreground 
In order to avoid collecting unnecessary inventory data, and to support a more focused 
inventory collection the social aspects were reviewed with regard to their relevance to 
the national conditions and therefore, applicability to the production activities of the 
organisations located within the regional foreground (e.g. biomass production, 
transport and material production).11 Some sLCA approaches assess a product’s 
potential social effects by determining the social conditions in the associated countries 
or sectors and applying indicators at a national level, such as a country’s corruption or 
educational level. In cases of low data availability (e.g. in emerging countries) this 
approach is currently best practice. However, when reliable data is available, as in the 
case study used to develop RESPONSA, more site-specific approaches can be applied. 
                                               
10 When it comes to estimate social effects on other stakeholder groups such as consumers or value chain 
actors, this requires additional social indices or even different approaches (i.e. to assess social effects on 
consumers Dreyer et al., 2006). 
11 This was necessary in view of the subjective well-being influenced by the national and regional socio-
economic conditions (cultural setting, legislation or common societal norms) that influences the perception 
of relevant social aspects (i.e. in Germany other aspects are deemed to be relevant for good working 
conditions compared to other countries) thus, indicators have to be chosen that can assess aspects relevant 
to the geographic area. 
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Thus, this sLCA approach aims to assess site-specific social performances, directly 
related to an organisation’s conduct. Therefore, social aspects which were identified to 
be directly attributable (e.g. linked) to the conduct of a specific organisation can be 
applied or generic social aspects (e.g. using national or regional level) were converted 
to be applicable at an organisational level. At best the relevant social aspects are 
measurable in a quantitative manner and address the potential implications for 
stakeholders as a result of the organisations’ activities. Qualitative aspects should 
represent an action or measure (e.g. provision of safety equipment) from which the 
consequences are experienced by the stakeholders (UNEP-SETAC, 2013). The 
RESPONSA approach is derived for the producer prospective and takes all relevant 
social aspects into account from regional resource extraction (i.e. wood) until the final 
product (i.e. factory gate), use phase or end-of-life are not considered. 
5.3.2 Overview of research steps 
A top-down and bottom-up approach was applied to merge globally relevant social 
sustainability aspects12 with context-specific ones, as presented in Figure 5-2. 
In a first step, global sustainability standards were reviewed, as well as German 
sustainability strategies and national forest certification standards to determine a set of 
global and national social aspects (Section 5.3.4). In a second step, sLCA case studies 
were screened to crosscheck and complete the information generated from the 
literature analysis on sustainability standards and to develop a set of social aspects 
applied in sLCA case studies (Section 5.3.6). In a third step, the aspects preselected 
from the literature review were refined with more national specific information 
provided by interviewing stakeholders involved in bio-economy activities, which 
enabled the generation of stakeholder preference aspects (Section 5.3.7). The fourth and 
final step screened and ordered the shortlisted social aspects with regards to: 1) 
available indicators, which had been found in the previous steps, 2) available data on 
organisational level, 3) reliability of available indicators and, 4) the availability of 
reference data on a national and regional sector-specific level (Section 5.3.8). This step 
resulted in a final set of context-specific social indices and their associated social 
indicators, which will be used to assess the social performance of wood-based 
                                               
12 We stick to the terminology of social aspects as an umbrella term to acknowledge the great diversity of 
terminology in the literature. 
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production systems in a German bioeconomy region. These indices provide the basis 
for the sLCI required by the RESPONSA framework outlined in Siebert et al. (2018a). 
 
 
Figure 5-2 Research steps taken to select and develop context-specific social indices and indicators to be 
used as part of the RESPONSA framework. 
5.3.3 Screening of global sustainability standards 
Based on the screening criteria outlined in Section 5.3.1 the social aspects selected from 
global sustainability standards are displayed in Table 5-1, although, due to space 
limitation only the main social aspects are presented. Two global standards focusing 
only on social responsibility aspects were reviewed, ISO 26000 and SA 8000, which are 
based on: the Universal Declaration of Human Rights, the Conventions and 
Declarations from the International Labour Organisation (DIN, 2010; SAI, 2008) and the 
Global Reporting Initiative standard (GRI, 2011), which encompasses social and 
environmental sustainability aspects. 
The overall relevant social aspects in Table 5-1 are independent from national socio-
economic conditions. However, the extracted aspects must be specified further, if they 
are to be applicable to a more case specific sLCA which focus on the social performance 
of organisations related to a German bioeconomy region.  
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Table 5-1 Social aspects preselected from the screening process. 
Level Standards with preselected main social aspects in italics and corresponding examplesa 
Global ISO 26000b / SA 8000c / Global Reporting Initiative (GRI)d  
 
Non-discrimination  Fair opportunity for a job regardless of age, gender, origin, sexual 
orientation, disability or religion 
Reasonable working hours A standard work week does not exceed 48 hours per week with at 
least one day off; overtime is voluntary and does not exceed 12 hours 
per week 
Remuneration (payment) Should meet at least legal or industry minimum pay standards and is 
sufficient to meet basic needs (e.g. food, accommodation) 
Freedom of association and right to 
collective bargaining/ 
(social dialogue) 
The establishment of works councils and trade unions are permitted 
and recognised as a free collective bargaining for a balance of interests 
between employers and workers 
Health and safety at work The employees have/maintain a bill of good health and there are 
preventative measure in place to protect against harm caused through 
working conditions 
Training and education The employees have access to skills development, training and 
apprenticeships and opportunities for career development 
Community involvement and 
development 
Opportunities within supporting communities for: consultation, 
employment creation and skills, technology development and access, 
wealth and income creation, health and social investments 
National Sustainability Code / National Sustainable Development Strategyf  
 
Employment  Job creation  
Employment rights  Employees should not be exposed to situations where, injuries, 
occupational diseases or work related fatalities may occur 
Equal opportunities / (inte-gration of 
non-nat-ionals/prospect for families) 
Employment opportunities open to all; qualified non-nationals and 
people with disabilities, no discrimination as well as the provision of 
fair pay and a work-life balance 
Qualification All employees take part in training irrespective of gender or 
employment category  
Corporate citizenship/ 
Stakeholder engagement 
Public engagement and transparency of organisations to report key 
topics and concerns that have been raised through stakeholder 
engagement 
Sector German Forest Stewardship Council (FSC)g / Programme for the Endorsement of Forest Certification 
Schemes (PEFC)g 
Employment  Qualified employees as a matter of priority, employment for local 
communities, long-term employment 
Training opportunities Employees have the possibility to take part in training courses  
Health and safety measures Accident prevention regulations are met  
Freedom of association and right to 
collective bargaining 
Employees rights of freedom of association and to bargain with the 
employer is guaranteed according to the ILO convention 87 and 98 
Keep collective wage agreements The payments are deduced from current collective wage agreements 
Participation Employees have the possibility to inform themselves and are 
provided with possibilities of participation  
a The terminology, the structure and the scope of themes differs between the standards although core subjects 
associated with human rights and labour practices are found in all standards therefore these umbrella terms are not 
listed 
b Guidelines for social responsibility 
c Certification standard for socially acceptable practices in the workplace 
d Guidelines for sustainability reports 
e In contrast to the GRI, the ISO 26000 and SA 8000 the Sustainability Code exclusively focus on social responsibility 
themes which are based on the Universal Declaration of Human Rights as well as Conventions and Declarations from 
the International Labour Organisation (ILO). It must be noted that the guidance provided by the standard is 
universally applicable for all types of organisations no matter what size, geographic location or industry sector and 
therefore is not specific enough for an sLCA approach focusing on the social sustainability aspects of a German 
bioeconomy region. 
f Framework to report on sustainability management system 
g Forest certification standards for Germany 
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5.3.5 Screening of national sustainability and forest certification standards 
The national standards include the same aspects as the global standards, but are 
specified further to German conditions. Social aspects identified as relevant from the 
national sustainability standards are outlined in Table 5-1. The “Sustainability Code” 
developed in Germany contains standards to guide organisations on sustainability 
(German Council for Sustainable Development, 2015). Furthermore, the “National 
Sustainable Development Strategy” was reviewed (The Federal Government, 2012). 
The strategy outlines the social aspects, independent from organisations’ conduct, 
which are to be monitored in Germany and therefore, provides insight into sustainable 
development objectives for Germany. It also helps to identify the aspects relevant for 
the stakeholder category “national society”. 
To further specify the themes and indicators for the wood-based bioeconomy, 
certification standards from the PEFC (Programme for the Endorsement of Forest 
Certification Schemes) and FSC (Forest Stewardship Council) for Germany were also 
reviewed (Table 5-1). It can be seen from Table 5-1 that there are many similar and 
often overlapping social aspects found in the different standards. For this reason, as 
presented in the next section, sLCA case studies were screened in order to determine 
which social aspects should be selected. 
5.3.6 Screening of sLCA case studies 
In order to make the previous shortlisted selection of social aspects more compatible 
with the RESPONSA framework of Siebert et al. (2018a), the next step focused on 
screening available sLCA case studies. An overview of the social aspects applied in the 
available sLCA case studies (at time of writing) is provided in Table 5-2. It was 
determined that certain social aspects which were relevant for other studies were not 
deemed to be relevant here, as discussed in Section 5.3.2. Social benefits, for example, is 
a category proposed by the guidelines (UNEP-SETAC, 2009). In Germany, such rights 
are legally implemented by the German government through social insurance 
contributed by the salaries of the employees.13 This in turn should enable a social 
welfare payment to be provided to every worker in Germany, in the event of illness, 
invalidity and retirement. Therefore, this is expected to be the standard condition for 
workers and as one would not expect infringements, it is taken as a baseline for the 
                                               
13 In Germany the majority of employees work in jobs where social security contributions are mandatory 
to be paid by the employer. 
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German condition and is not considered within the RESPONSA framework here.14 
While these aspects were deemed to be irrelevant for the production chain in the 
regional foreground, it has to be noted that they could become relevant when assessing 
the social implications from production activities outside the region. Therefore, we  
suggest to apply generic indicator sets such as proposed in the methodological sheets 
(Benoit-Norris et al. 2011) from the sLCA guidelines or to apply the “Social Hotspot 
Database” (Benoit-Norris et al. 2012) in order to screen these production activities. The 
social indices which were found to be applicable to the socio-economic conditions in 
Germany are outlined in Table 5-2. 
 
Table 5-2 Set of social aspects applied in sLCA case studies. 
Social aspectsb sLCA case studya 
 1 2 3 4 5 6 7 8 9 10 11 12 
Working conditions         x   x x         
Discrimination/equal opportunities   x x x x x x x x x   x 
Working hours/time   x x x x x x x       x 
Fair salary/wages x x x x x x x x   x x x 
Health conditions/health & safety x x x x x x x     x x x 
Freedom of association & collective bargaining   x x x x   x x x   x x 
Education         x      x         
Local community acceptance (complaints)                     x   
Safe & healthy living conditions   x x x     x       x x 
Community engagement   x   x x   x     x     
Local employment   x x x     x       x   
Transparency on social & environmental issues             x           
Public commitment to sustainability issues   x   x x   x           
Contribution to economic development   x x x x         x x   
Technology development/transfer   x x x x   x       x   
a Since most sLCA case studies apply social impact categories proposed in the UNEP-SETAC guidelines, please 
refer to (UNEP-SETAC, 2009) for more information. Relating indicators can be found in the methodological 
sheets (UNEP-SETAC, 2013). 
b We reviewed major sLCA case studies mainly focusing on those using data on an organisational level. For 
more information on the case studies (e.g. the study object etc.), please refer to (Chhipi-Shrestha et al. 2015). 1 
(Chang et al. 2015); 2 (Ekener-Petersen and Finnveden, 2013); 3 (Franze and Ciroth, 2011); 4 (Ciroth and Franze, 
2011); 5 (Revéret et al. 2015); 6 (Traverso et al. 2012); 7 (Halog and Manik, 2011); 8 (Aparcana and Salhofer, 
2013); 9 (Dreyer et al. 2010b); 10 (Foolmaun and Ramjeeawon, 2013); 11 (Hosseinijou et al. 2014); 12 (Martínez-
Blanco et al. 2014) 
5.3.7 Stakeholder interviews 
A key feature of this research is the use of semi-structured15 stakeholder interviews 
that explored social opportunities and challenges related to a wood-based (German) 
                                               
14 Additionally, aspects such as child labour, forced labour, food security, prevention and mitigation of 
armed conflicts and access to material and immaterial resources were considered not to be relevant, 
because they are more relevant for emerging countries. Furthermore, indigenous rights, as defined in the 
UNEP-SETAC guidelines are assumed not to be relevant for Germany, as such groups no longer exist in 
Germany. 
15 The semi-structured interview is a method of research applied in social science that allows a free 
exploration of topics (Flick, 2016). 
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bioeconomy. The results were used to refine the previous selected social aspects 
relevant to wood-based production chain in German bioeconomy regions. 
In Germany workers, local communities and the society as a whole are represented by 
various institutions. Trade unions for example represent workers’ rights and NGOs 
represents societies’ interest (e.g. concerns, view points and norms). Accordingly, we 
selected representatives from a wide range of institutions, to generate information 
about workers, local communities and national society’s interest, in order to create 
social indices and indicators “that make sense for the stakeholder” as suggested by 
(Mathe, 2014). In a first step a list of approx. 23 potential stakeholders were compiled 
and contacted via email or phone to request an interview. Although most stakeholders 
contacted (Table 5-3) had an initial response of being interested in participating, many 
of them declined to take part in the official interview process. Consequently, approx. 
50% of those initially contacted agreed to participate in the interviews. 
The statements made during the interviews were grouped according to the three 
stakeholder categories (Table 5-3) and their relation to overall social aspects which 
were shortlisted: qualification, health & safety, remuneration, working conditions, 
participation and regional development (Figure 5-3). One major social issue identified 
from the survey was the conflicting objectives in forest management (e.g. forestry (for 
wood products), conservation, recreation etc.) due to competing interests from 
stakeholders, which is seen to increase in the future due to higher wood demands 
generated by a wood-based bioeconomy. Furthermore, interviewees indicated that the 
development towards a bioeconomy should address other issues such as the climate 
change or demographic change, and take into account people’s preferences. With 
regards to workers, several issues related to the private forest management16 in 
Germany were raised, such as: the low health and safety standards, high accident rates 
due to low qualification, low payment and low organisation of workers. These aspects 
were taken into account during the conversion of general aspects (from the previous 
step) into a set of social indices and related indicators, which are more context specific.
                                               
16 In Germany forest is owned privately by the municipalities or the state. 
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Table 5-3 Organisations interviewed and associated stakeholder category 
Stakeholder 
category 
Interview partners affiliation Explanation 
Workers  Industriegewerkschaft Bau Agrar Umwelt (IG 
B.A.U.) 
Trade union affiliated to the forest 
sector in Germany 
 Sozialversicherung für Landwirtschaft, Forsten, 
Gartenbau (SVLFG) 
Employer’s liability insurance 
association in Germany 
Local 
community 
Regional Ministry for Science and Arts  Governmental department  
 Local Ministry for Science and Economy  Governmental department  
 Regional planning organisation Organisation for regional planning  
National 
society 
Friends of the Earth Germany (BUND) Association for environmental 
protection and nature conservation 
in Germany 
 Forest Stewardship Council (FSC) Forest certification organisation in 
Germany 
 Programme for the Endorsement of Forest 
Certification Schemes (PEFC) 
Forest certification organisation in 
Germany 
 State forest organisation Forest organisation owned by the 
government 
 Nordwestdeutsche Forstliche Versuchsanstalt Research institute for forest owners, 
forest companies and politics from 
several federal states  




Figure 5-3 Social aspects extracted from the stakeholder interviews on the central question on potential 
challenges and opportunities in a wood-based bioeconomy in Germany. The statements are grouped 
according to the associated stakeholder categories. The Figure does not represent the actual number of 
times the aspects were named during the interviews. 
5.3.8 Selection based on feasibility of implementation 
Finally, the relevant social aspects identified were screened and sorted based on 
criteria determined for the implementation of the RESPONSA framework. Thus, the 
previous shortlisted social aspects are converted into a set of context-specific indices 
and indicators (Table 5-5) for the sLCA approach. The selected social aspects were then 
screened for the following criteria: 
 measurability, either with a quantitative or qualitative indicator 
 parameters to be calculated require data that is easily available in the 
organisations 
 can provide an accurate measurement based on reliable information 
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 available indicators can be matched with available sector-based reference data 
on a national or regional scale (i.e. performance reference points (Figure 5-4)) 
  
Figure 5-4 RESPONSA framework. 
In Table 5-4, the main social aspects determined were grouped and analysed using 
these four selection criteria. The indicators available to assess the social aspects were 
found to be very heterogeneous. Although they address the same social aspect, such as 
wages, they could be used to assess national or sectoral levels (e.g. minimum wage in 
the country/sector) or at an organisational level (e.g. lowest payment in the 
organisation) or the numerical unit may differ and thus, comparability is limited (e.g. 
the average payment in the organisation or the percentage of employees receiving a 
certain amount of payment). Furthermore, the social aspects could be assessed using 
indicators of engagement (e.g. documented payment of workers) or of organisational 
measures (e.g. financial participation means for employees). This also has 
consequences for data availability, which therefore, differs respectively between the 
social aspects (Table 5-4). Additionally, the reliability of the information generated for 
the indicator assessing the social aspect of interest has to be taken into account. For 
example, information about working hours found in workers contracts does not 
provide information about the real hours worked. A final screening criterion for  the 
5  SOCIAL LIFE CYCLE ASSESSMENT INDICES AND INDICATORS TO MONITOR THE SOCIAL IMPLICATIONS 
OF WOOD-BASED PRODUCTS    48 
 
definition of  a social indicator set was the availability of sector-specific reference data 
on a national or regional scale for the particular indicator that are applied in the social 
life cycle impact assessment (sLCIA), in order to calculate the relative social 
performance (Siebert et al. 2018a). An employment survey conducted by the Institute 
for Employment Research (IAB)17 was selected as the main statistical source for 
reference data. The results of a national survey, the IAB Establishment Panel (i.e. a 
representative employer survey of employment parameters), conducted once a year 
across a diversity of organisations in Germany is made available for scientific research. 
Therefore, potential indicators are adapted (i.e. the type of indicator and its unit) in 
order to match the data found in this statistical source. 
Table 5-4 Screening criteria applied to the social aspects selected 
Social index Indicators Data Reliability Reference  Source 
Health & safety a    [1-5,7] 
Adequate remuneration b   ()  [1,3] 
Adequate working time   ()  [1,6] 
Employment c     [2,3,4,5,6,7] 
Knowledge capital     [1,4,5] 
Equal opportunities ()  ()  [1,3,4,5] 
Participation d () () () - [1,3,5] 
[1] (Aparcana and Salhofer, 2013); [2] (Busset et al. 2014);  
[3] (Foolmaun and Ramjeeawon, 2013);  
[4] (German Council for Sustainable Development, 2015);  
[5] (GRI and Global Reporting Initiative, 2011);  
[6] (Traverso et al. 2012); [7] (Vinyes et al. 2013)  
a fulfilled () fulfilled with restrictions  
b Without equal remuneration of men and women as found in (Aparcana and Salhofer, 2013; GRI and Global Reporting 
Initiative, 2011) 
c Aspects besides the named aspects such as the description of the employees (total, fulltime, part-time, gender, age, 
locally hired, educational status etc.) 
d  [1,5] Collective bargaining, [3] Stakeholder involvement (Percentage of Corporate Social Responsibility fund spent on 
community projects) 
5.4 Results and discussion 
The purpose of this paper was to select social indices and indicators which can be used 
to assess the relative social performance of wood-based products produced in a 
German bioeconomy region. Although the set is only applicable to assess activities in 
the German foreground it becomes a powerful tool, through the broad variety of social 
concerns taken into account, to screen wood-based production chains in Germany and 
                                               
17 The IAB is a special office from the Federal Employment Agency. For the panel please see 
http://www.iab.de/en/erhebungen/iab-betriebspanel.aspx/, 20.05.2016. 
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to provide a comprehensive overview of social hotspots and opportunities for regional 
producers. Additionally, available generic indicator sets (e.g. from the Social Hotspot 
Database or the methodological sheets of the sLCA guidelines) can be applied for a 
better understanding of the social effects occurring outside the region although they 
cannot assess social effects with such a high level of detail. 
The indicator values are directly collected from the organisations (e.g. average 
remuneration level) and characterised with regional sector-specific reference data (e.g. 
average remuneration level in the forestry sector in a federal state). This enables the 
calculation of relative social performances that are directly related to a product and the 
organisations affiliated with the production activities found in the regional foreground. 
The results can be used by organisations to compare their behaviour to the status quo 
of their particular sector and/or region in which they are operating. This information 
can encourage decision makers to make more sustainable courses of action. 
In Table 5-5 we depict social effects delineated by the social performance indicators 
that were consolidated into comprehensive sub-indices (i.e. accidents and sick-leave) 
and related to an individual social index, such as “health & safety”. Every indicator 
listed in Table 5-5 was identified as highly relevant for the socio-economic context of 
interest (i.e. wood-based production chains in German bioeconomy regions). Each sub-
index is assessed with one or more indicators. While these indicators assess potential 
social effects affiliated predominantly with the stakeholder category, workers, they also 
encompass social effects on local communities and the national society (Figure 5-1 and 
Figure 5-3). The first three social indices are primarily associated with workers, 
whereas the index “knowledge capital”, for instance, is relevant for workers (i.e. on-
the-job training), for local communities (i.e. vocational training) and the national 
society (i.e. research and development). It has to be noted that these relationships 
overlap to various extents, and thus that many social effects on workers or the local 
communities may have potential social effects for the national society too (e.g. 
occupational diseases affect a workers well-being and at the same time the health 
system and in turn the national society). The main affiliation to the stakeholder 
categories is indicated through letters at the sub-indices. 
We further depict the format of the indicators that may be numerical, a currency, 
percentage or a category and its calculation (e.g. the categories, time period etc.), thus 
the format of data required from the organisations. This makes the set directly 
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applicable for collecting primary data from each relevant organisation in the regional 
foreground. This effort of data collection is one major limitation of the RESPONSA 
framework, however the reference data required for characterisation is easily available 
from IAB. 
When it comes to the social effects indicated by the defined indices it has to be noted 
that they can only constitute those effects determined through the applied social 
performance indicators. Thus, the presentation of the inventory results and their 
interpretation should be done with great care and always in view of the indicators 
providing the information for the social indices. The social index “health & safety”, for 
example, does not indicate potential health and safety effects on local communities, as 
the indicators only address occupational accidents and workers’ health issues. 
Additionally, some indicators are ambiguous because they could indicate either a 
“good” performance or a “bad” performance, at the same time depending on the 
reality being assessed. One example of where this occurs relates to marginal 
employment (e.g. positions remunerated with 450€ per month), which could have a 
positive social effect if people intend to have such a position, or negative effects if 
people do not intend such a position. Therefore, these underlying stakeholder 
preferences, as well as the specific social impacts on human well-being, cannot be 
denoted with this approach. This is an area which requires further research, especially 
in relation to potential cause-effect relationships between an organisation’s activity and 
its social impacts (Feschet et al. 2013; Macombe et al. 2013). The set of social indices and 
indicators is discussed individually in the succeeding sections. 
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Table 5-5 Final set of social indices and their associated indicators. 
Index    
Sub-index Indicator Unit Equation/Measure 
1. Health & safety  
Accidentsa Occupational accidents 
Occupational fatal accidents  
Nr 
Nr 
Number of accidents per year per 1000 employees 
Number of fatal accidents per year per 1000 employees 
Sick-leavea Sick-leave days  
Preventive health measures  
Nr 
Cat. 
Sick-leave days per year per employee 
Health measures (e.g. sick-leave analysis, health 
activities) 
2. Adequate remuneration 
Paymenta Payment according to basic wage1 
Average remuneration level  
y/n 
€ 
Payment of basic wage 




Profit-sharing and bonuses3 
y/n 
y/n 
Existence of a capital participation model 
Existence of a profit-sharing and bonuses model 
3. Adequate working time   
Working timea Contractual working hours 
 





Average contractual working hours per week per full-
time employee 
Compensation measures (e.g. exclusively payment, 
payment and free time, exclusively free time, any) 
Work-life-
balancea 
Access to flexible working time 
agreements 




Access to flexible working time agreements (e.g. 
working time accounts etc.) 
Percentage of part-time employees per total employees 
4. Employment   
Job conditionsa Rate of qualified employees  
 
Rate of marginally employed (earning 




Percentage of employees with professional training per 
total employees 




Rate of fixed-term employees  
 
Rate of employees provided by 




Percentage of fixed-term employees per total 
employees 
Percentage of employees provided by temporary work 
agencies per total employees 
Job creationb Rate of recruitment % Percentage of new hired employees per year per total 
employees 
5. Knowledge capital    
On-the-job 
traininga 
Employees/unity participated in 
training  




Percentage of (qualified) employees/unity participated 
in training per total employees 
Assumption of cost or exemption for training programs 
Vocational 
trainingb,c 
Rate of vocational trainees 
Rate of vocational trainees hired  
% 
% 
Percentage of trainees per total employees 




Rate of employees in research and 
development 
% Percentage of employees working permanently or 
temporally in the research and development section per 
total employees 
6. Equal opportunities   
Gender equalityc Rate of female employees in 
management positions 
 





Percentage of female employees in management 
positions in relation to all employees in management 
positions  
Measures for family support (e.g. support for child 
care, support for female employees) 
Older 
employeesa,c 
Measures to support older employees Cat. Measures for older employees (e.g. offer of part-time 
contracts, special equipment of the workplace) 
Minoritiesc Rate of disabled employees 
Rate of foreign employees 
% 
% 
Percentage of disabled employees per total employees  
Percentage of foreign employees per total employees 




Other measures for participation  
y/n 
y/n 
Existence of works’ councils in the organisation 
Measures to participate in the organisation 
Nr: number, Cat.: category, % per cent, y/n: yes and no, h: hours; a workers; b local community; c national society 
 In Germany basic wages are based on sectoral collective agreements between management (i.e. representing the 
organisation) and trade unions (i.e. representing the workers). The agreements are valid for one sector (e.g. forestry) 
and are legally binding.  
2 With capital participation employees provide financial means for the organisation and became shareholders (e.g. 
GmbH shares, employees shares or cooperative shares) (Bellmann, Möller 2006).  
3 With profit-sharing or bonuses employees receive in addition to their regular wage an additional profit-based or 
performance related pay (Bellmann, Möller 2006). 
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5.4.1 Index: health and safety 
In view of the relatively high accident rates associated with the sectors of biomass 
production (e.g. forestry and agriculture) in Germany (Knieps and Pfaff, 2014), health 
and safety aspects become a key social issue to integrate, in order to assess the social 
performance of the associated wood-based products. Thus, production activities 
should not harm or have negative effects on the workers’ health. We selected four 
common indicators to assess the status of these issues, which were then aggregated 
into two sub-indices, “accidents” and “sick-leave”, which should be accounted for in a 
specified time period (Table 5-5). Implemented health and safety measures were 
chosen to evaluate the engagement of the organisations to prevent or improve the 
health status of their employees. 
5.4.2 Index: adequate remuneration 
In Germany the remuneration of employees differ greatly between regions. However, 
if the wages and salaries paid by organisations along a product’s life cycle cover the 
basic needs of employees, cannot be assessed due to data limitations. Nevertheless, 
remuneration has to be taken into account in the assessment of wood-based products 
from Germany. This index is broken down into two sub-indices, “payment” and 
“financial participation” each of them characterised by two indicators. The sub-index 
“payment” has indicators examining if an organisation pays the basic wage18 (i.e. based 
on a sectoral level) and the average remuneration level in the organisation. However, 
the cost of living differs between regions. Therefore, the remuneration level should be 
characterised with the average remuneration level of a region and sector, a step carried 
out during the sLCIA phase (Siebert et al. 2018a). In addition, the “financial 
participation” of employees in the organisation is associated with a fair payment, too. 
On the one side organisations become more attractive to qualified workers and on the 
other side, workers get an additional (financial) reward for a successful work which 
motivates them. An additional effect is the more equal distribution of wealth and thus, 
to oppose the concentration of assets within certain sections of society (Beyer et al. 
2013).  
                                               
18 The reason for this indicator is that while a minimum wage was implemented in 2015 in Germany, we 
assume that the basic wage (i.e. a wage agreed upon between management and trade unions on a sectoral 
level) to be higher and therefore, closer to an adequate remuneration. 
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5.4.3 Index: adequate working time 
In Germany one major social concern of workers is their working time. In this regard 
the hours worked per week and the form of compensation is particularly relevant. In 
the last years overtime that is not compensated financially or with free time has 
increased in Germany. Therefore, the sub-index “working time” has indicators on the 
contractual working time and the overtime and its compensation. While, exact 
amounts of overtime are difficult to gather we focus on the form of compensation 
according to the employees’ preference thus, with free time or extra payments (Table 
5-5). 
Additionally the organisation of the working time effects well-being. Part-time 
employment,19 for example, can help to combine family and working life. However, 
long-term part time employment in Germany is associated with negative impacts for 
income, career development and retirement planning. The sub-index “work-life-
balance” consists of an indicator that describes the ability of workers to choose their 
presence at the workplace in a flexible manner. Additionally, while preferred working 
hours cannot be anticipated, the amount of part-time workers is assessed in order to 
estimate the ability of workers to decide on their preferred working time per week. 
However, it has to be noticed that this indicator is rather difficult to interpret as part-
time employment can be associated with both negative and positive effects. Thus, 
stakeholder that are willing to work full-time but only get a part-time position, because 
of increased demand for part-time workers in Germany, would experience negative 
effects. In contrast, especially women are willing to reduce their working time, for 
example during motherhood, would experience positive effects for their work-life 
balance (Vogel, 2009; Wanger, 2015).20 
5.4.4 Index: employment 
This index assesses social aspects that are key conditions for a good quality of life that 
go beyond aspects of working time. In Germany several working conditions are 
defined as atypical and are often described as precarious (i.e. employees earning less 
than 450€ per month, employees from work agencies, or employees with fixed-term 
contracts) and are associated with higher social risks such as insufficient payment or a 
                                               
19 Part-time employees work less than 31h per week. 
20 In Germany the proportion of part-time workers increases constantly due to the demand from the 
employees as well as from the organisations itself. Most of the part-time employees are women which 
increases the social inequality between men and women. 
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higher risk of unemployment compared to permanent full-time positions. While the 
sub-index “job conditions” assess the rate of qualified employees (associated with 
“good” working conditions) and of marginally employed21 (“bad” working conditions) 
the range of job demands on the employees is displayed. 
Additionally, positions for qualified employees (e.g. requiring vocational training or a 
university degree) should be fostered to prevent precarious working conditions. This 
sub-index is complemented by the sub-index “duration of employment” which 
provides insights into affiliated social aspects. Duration of employment is correlated 
with quality of life, as it impacts social participation due to its association with several 
risk factors, such income insecurity (Gundert and Hohendanner, 2011). Therefore, we 
assess the rate of fixed-term employees and additionally the rate of employees 
provided by temporary work agencies. 
The sub-index “job creation” assesses employment aspect affiliated to the stakeholder 
category “local communities”. A sustainable bioeconomy can contribute to the 
development of rural areas and local communities through the establishment of 
employment opportunities for workers in these areas. In this way providing an 
incentive to stay preventing migration away from such rural areas and support local 
communities. Thus, numbers on the annual recruitment in organisations can give 
insights into a regional product’s supply chain’s contribution to the economic 
development of the associated production region. 
5.4.5 Index: knowledge capital 
To maintain society’s productivity, potential knowledge capital has to be maintained 
and extended in order to provide the same opportunities for future generations. In this 
work the term knowledge capital is defined as “ones skills and capacities”. The 
bioeconomy is also named as knowledge-based bioeconomy which implies that its 
development requires innovation. Therefore, the sub-index “research and 
development” examining the amount of employees working in this area can serve as a 
proxy to assess organisations engagement in the development of new knowledge, as 
well as their innovation capacity. Furthermore, the research and development activities 
are important to maintain competitiveness of the industries involved in the 
                                               
21 In this work we use the term marginally employed for employees who’s working contract is on max 
450€. 
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bioeconomy which has major influences on the employment level in Germany. The 
sub-index “on-the-job-training” assesses the organisations effort to maintain or 
increase the knowledge capital of their employees calculated through their regular 
participation in training programmes. This can also enhance the organisations 
economic performance, as educated workers can do more diverse work to a higher 
standard and be more creative and innovative. It also relates to the workers themselves 
with regard to their employability and self-perception. Furthermore, new knowledge 
has to be set up by vocational training that maintains the stock of knowledge in the 
local communities and society. Thus the sub-index “vocational training” evaluates the 
amount of apprenticeships offered. The vocational training furthermore increases 
employment opportunities for local communities and prevents a future shortage of 
skilled workers in a society. 
5.4.6 Index: equal opportunities 
If each member in a society has access to education, information, the labour market or 
social and political positions, then equal opportunities are provided. Additionally, 
everybody should be treated the same, irrespective of their sex, age, race, religion, 
marital status or political beliefs and they should not be hampered by discrimination. 
Access to the labour market can, in some cases, be especially challenging for disabled 
and foreign people (Kaas and Manger, 2012). Therefore, to examine the sub-index 
“minorities” the proportion of disabled and foreign employees was selected as relevant 
indicators. 
Another area of inequality relates to gender bias. The gender pay gap reflects the 
difference of payments between men and women. However, as the gender pay gap is 
difficult to calculate and to interpret due to complex cause and effect chains, it was not 
selected as an index for the sLCA method. Instead, we selected indicators that provide 
information on the engagement of organisations to increase gender equality through 
implementing different management measures. For example, the proportion of women 
within leadership positions was used within the sub-index “gender equality”. 
Additionally, due to the demographic change in Germany and a demographic skewed 
with an aging population, more employees in organisations of an older age category 
can be expected and this has increased the attention given to the fair treatment of older 
employees in the last decade, therefore, an indicator which assess the support of older 
employees was assigned to the sub- index “older employees”. 
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5.4.7 Index: participation 
Equal participation and the right to voice one’s concerns, is a fundamental right of 
workers (International Labour Organization (ILO), 1998) that includes all types of 
negotiation, consultation or exchange of information between representatives of the 
organisation and its employees on matters of concern (DIN, 2010). This right should be 
assessed by the social index “participation”.  Works’ councils are a powerful medium 
for workers participation in Germany. Employees may legally elect a works’ council 
from five permanent employees in order to exercise their rights of representative 
participation (Addison, 2001). The works’ council right of information, consultation 
and codetermination is formally prescribed by law. However, works’ councils are only 
found in one in five organisations and in particular are rarely found in small 
organisations (Addison, 2001). Despite these limitations, the existence of works’ 
councils is still a measurable and reliable proxy to examine workers participation in a 
particular organisation and was therefore assigned as an indicator to the social index 
“participation”. The power of a works’ council cannot be calculated, if organisations 
restrict freedom of association or if a works’ council simply has not been set up. 
Therefore, an additional indicator, “other measures for participation”, that indicates if 
organisations provide other means to involve employees was consolidated into the 
index in order to acknowledge that 61% of the organisations embrace other 
participative forms (Addison, 2001). 
5.5 Outlook 
This paper described the research steps taken and outlines the developed 
comprehensive set of social indices and corresponding indicators for the RESPONSA 
framework. The proposed set of indices is the first available to assess relative social 
performances related to a product and the organisation found along wood-based 
production chains in German bioeconomy regions. Thus, the design of the indicator set 
support the collection of site-specific inventory to link to such indicator values directly 
from the organisation and guarantees a benchmarking with regional sector-specific 
generic data available in Germany. Encompassing seven main indices several sub-
indices and 29 mainly quantitative indicators, the set can depict a broad picture of 
social performances across different relevant social topics, enabling simultaneous and 
comprehensive monitoring of our wood-based bioeconomy production systems. 
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However, its application is limited to the foreground activities in Germany. It has to be 
noted the indicator set cannot be applied to assess the social implications of production 
activities outside the region because of its specificity to the German socio-economic 
context. However, the approach itself can be adjusted for application in other 
European countries (i.e. with similar socio-economic conditions) for a social hotspot 
screening. Another additional drawback is the exhaustive data collection required; as 
each fore- ground organisation has to deliver data, the majority quantitative indicators 
can be clearly and easy be measured by the organisations itself. Despite this draw back 
the advantages could be worth the effort, as the approach facilitates the 
characterisation of each indicator with regional sector-specific performance reference 
points (conducted in the sLCIA phase), thus, enabling regional producers to evaluate 
their social performance in view of their competitors. This may improve their decision 
making towards more sustainable production (Drew, 1997). Consequently, it can 
inform producers on the social effect of the overall product in the region in general and 
on their contribution to the social effects of the product in particular. Therefore, it 
supports producer’s decision making to mitigate negative social effects and to 
accelerate positive ones. 
5.6 Conclusion 
The form of indicators applied in sLCA inventories differ respectively. Current sLCA 
approaches are powerful tools to screen global supply chains or compare production 
alternatives. However, when we become interested in the social implications directly 
related to a product produced in a specific region, the use of RESPONSA provides the 
benefit of a better insight into the social performance of the affiliated organisations in 
relation to their competitors in the region and sector. Consequently, it enables to 
inform producers of the potential social effects of the overall product in the region in 
general and on their contribution to the social effects of the product in particular. 
Therefore, it support producer’s decision making which could mitigate negative social 
effects and to accelerate positive ones. Regional context-specific sLCA approaches will 
become even more important as bioeconomy evolve at a regional level (Bioeconomy 
Congress EBCL, 2016). In a subsequent paper the regional sector-specific 
characterisation (sLCIA) of RESPONSA will be outlined. 
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6.1 Abstract 
In recent years the need to consider the social dimension of sustainability within life 
cycle thinking has been increasing, catalysing the development of many different social 
life cycle assessment approaches (sLCA). The demand to assess potential social effects 
has been strengthened further, due to the implementation of national bioeconomy 
strategies. The RESPONSA framework (REgional SPecific cONtextualised Social life 
cycle Assessment) has been developed to assess the social effects associated with 
wood-based bioeconomy products from Germany (Siebert et al. 2018a; Siebert et al. 
2018b). However, a characterisation approach, based on a context-specific benchmark 
which is easy to understand and interpret, is still missing. In general, characterisation 
approaches provide meaning to social indicator values (i.e. the inventory data). 
However, there is no standardised sLCA characterisation method yet. Therefore, the 
aim of this paper is to outline a characterisation method based on context-specific 
performance reference points (PRPs), which can effectively reflect the social conditions 
influencing the various organisations involved in producing a specified product. Such 
PRPs should also qualify whether the social indicator values collected from the 
organisations in the production system corresponds to a negative (worse than sector 
average) or positive performance (better than sector average). Therefore, we 
considered the classification of economic sector of the assessed organisation and in some 
cases the size of the organisation as factors influencing the potential social effects related 
to our particular context. These were then applied to define context-specific PRPs, 
which relate the social indicators calculated in the inventory phase, to those 
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benchmarks, thus generating relative social performance scores for producers of a wood-
based product in Germany. 
6.2 Introduction 
6.2.1 Background 
In recent years the need to consider the social dimension of sustainability within life 
cycle thinking has been increasing. This has catalysed the development of many 
different social life cycle assessment approaches (sLCA) (Benoît-Norris et al. 2014; 
Dreyer et al. 2006; Jørgensen et al. 2008; Macombe et al. 2013; UNEP-SETAC, 2009)22. 
The demand to assess potential social effects has been strengthened further, due to the 
implementation of national bioeconomy strategies (BMBF, 2011; EC, 2012). Bioeconomy 
is a vision in which the societal needs for food, feed as well as for valuable chemicals, 
materials, fuels and energy are satisfied through a sustainable use of the available 
biomass resources (ibid.). These bio-based production systems connect different sectors 
into industrial networks, which encourage coupled production systems and cascade 
use, as well as the concepts of a circular economy (Bezama, 2016). The potential social 
effects of such future bio-based production activities, therefore, need to be assessed 
under a life cycle perspective to avoid unfavourable social effects being shifted 
elsewhere in the life cycle. In this sense, although guidelines on how to conduct an 
sLCA study were already published in 2009 (UNEP-SETAC, 2009), sLCA methods still 
face serious challenges: the indicator selection and analysis, the definition of the 
functional unit and social life cycle impact assessment methods (sLCIA), for example, 
are still subjects for discussion (Chhipi-Shrestha et al. 2015; Siebert et al. 2018a; Siebert 
et al. 2018b).  
In Germany, wood biomass is considered and accepted as a particularly relevant 
biomass resource for the transition towards a bioeconomy, due to its availability and 
lack of competition with food resources for the production of material and energy 
(BMELV, 2013). However, tools are still absent to evaluate such a transition. Therefore, 
in the framework of the research project “Leading-Edge Cluster BioEconomy”, a new 
set of life cycle based tools were developed to assess and support the management of a 
wood-based bioeconomy region. In particular, the “RESPONSA” framework (i.e. a 
                                               
22 For sLCA reviews please see Jørgensen et al. (2008); Macombe et al. (2013); Russo Garrido et al. (2016); 
Wu et al. (2014); or Chhipi-Shrestha et al. (2015).  
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REgional SPecific cONtextualised Social life cycle Assessment) was developed to assess 
social hotspots and opportunities (i.e. aspects of positive or negative social 
performance) associated with the production activities of wood-based products taking 
place in the bioeconomy region (Siebert et al. 2018a). This sLCA method is geared 
towards producers of wood-based products in Germany and aims to help to inform 
them about the potential social effects arisen from their production activities. In this 
way they can be supported to make more informed decision making, in order to 
improve or prevent such social effects. 
6.2.2 The RESPONSA framework 
The RESPONSA framework focuses mainly on the potential social implications of 
foreground activities related to a wood-based production system within a particular 
study region (Figure 6-1), whereas social effects outside the system boundary are 
considered, but not with the same level of detail. As a bioeconomy is based on local 
resources, the boundaries of a producing region (O’Keeffe et al. 2016), is assumed to be 
an area smaller than a country, as presented in Figure 6-1. In this way, all relevant life 
cycle stages of a wood product found within this boundary (e.g. wood harvesting, 
wood transport, pre-processing, and the production stage of the wood product) are 
considered in the sLCA approach of Siebert et al. (2018a). The social aspects23 to be 
monitored are associated with how organisations along the production chain conduct 
their business which is highly influenced by national and regional socio-economic 
conditions, e.g. the cultural setting, the legislation or common societal norms 
(Hauschild et al. 2008; UNEP-SETAC, 2009; Zamagni et al. 2011). RESPONSA 
incorporates these conditions and collects data directly from the associated 
organisations, such as forestry organisations or organisations converting wood, to 
assess social effects directly related to the product of interest. A context-specific set of 
seven social indices and corresponding 30 indicators were identified by Siebert et al. 
(2018b) as relevant to capture the activities of organisations in the product system. 
However, to determine if these indicator values (e.g. number of accidents) collected 
from each organisation in the product system represent a relatively better or a 
relatively poor social performance, a relative benchmark is required which can link 
                                               
23 A social aspect is defined as anything related to human well-being. In the literature a diversity of 
terminologies is applied and the term social aspects may refer to any number of general topics, such as: 
objectives, social issues or opportunities, indicators, indices or impact categories. For simplicity and for 
ease of discussion we did not differentiated between them and named all relevant selected themes and 
topics as social aspects (Siebert et al. (2018a)).  
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such specific indicators to a relevant national context e.g. sector within a country. 
Therefore, the indicator values (i.e. the inventory data) need to be characterised in a 
way which is easy to understand and interpret.   
According to the UNEP-SETAC guidelines (UNEP-SETAC, 2009) two types of 
characterisation methods are proposed, the first one applying a characterisation based 
on cause-effect chains in order to assess the impact of a change, whereas the second 
one is based on performance reference points (PRPs) to assess performances of a 
certain static situation (UNEP-SETAC, 2009). However, the implementation of sLCIA 
based on cause-effect chains are, to date, very limited in their use and need further 
development, because the relation between activities and a social impact is mostly 
unknown and difficult to establish (Chhipi-Shrestha et al. 2015; Parent et al. 2010; Wu 
et al. 2014). Therefore, PRP-based approaches, that assess the social performance of a 
product, are the most widely applied at present (Wu et al. 2014), but they are not 
standardised and differ regarding the scoring system applied and more importantly 
regarding the reference points used (Russo Garrido et al. 2016). For example, Russo 
Garrido et al. (2016) identified six key characterisation approaches utilising: (1) 
assessment based on norms and best practice; (2) assessment based on norms and best 
practice and the socio-economic context of unit processes; (3) assessment based on 
expert’s judgment of companies’ compliance with norms; (4) assessment based on 
researchers’ expert’s judgment on companies’ activities; (5) assessment based on how a 
company or a sector or a country is positioned with regards to average sector, country, 
or worldwide performance; and (6) assessment based on how the data associated with 
the social performance of a company or a sector compares to other alternative 
companies/sectors. 
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Figure 6-1 The system boundary (i.e. Germany) of RESPONSA. All relevant life cycle stages of a wood 
product found within this boundary (e.g. wood harvesting, wood transport, and the production stage of 
the wood product) are considered in the sLCA approach of Siebert et al. (2018a). 
The social conditions and backdrop in which organisations are operating is taken into 
account within some sLCA studies (Dreyer et al. 2010; Ramirez et al. 2014). Dreyer et 
al. (2010) adapted the characterisation approach, adjusting the scores to include the risk 
of violating, for example, labour rights within the specified geographic area and 
economic sector. Ramirez et al. (2014) differentiates in their characterisation approach 
between countries, assigning them either as a positive context or a negative context, 
defined by how a country influences organisations in meeting a social baseline. Revéret 
et al. (2015) selected PRPs according to minimal legal requirements, sectorial standards 
and average performance, as well as best expected practices based on their own 
expertise of the sector in order to characterise the performance of a dairy farmer. These 
authors acknowledge that organisations operating in certain sectors or geographic 
locations have to take greater effort to comply with a certain predefined social 
performance. In addition, Russo Garrido et al. (2016) mentioned that activities are not 
always fully attributional to the organisations decision, but are heavily influenced by 
sector specific or geographical factors.  
In the case of the RESPONSA approach, the characterisation method is based on 
context-specific PRPs which classify and characterise the social aspects of a particular 
production chain to reflect the different contexts of the organisations producing the 
product being assessed. An organisation harvesting wood, for example, has to make 
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more of an effort to prevent accidents than the organisation marketing the product 
(BMAS 2017). Furthermore, for larger organisations it is less of a financial effort to 
implement official management measures than for smaller organisations (Leber et al. 
2013). If these aspects are taken into account as part of the development of the PRPs a 
more balanced, fair and context-specific characterisation can be carried out. The PRPs, 
can then be used to characterise the relative level of social performance (i.e. relatively 
better or relatively poor social performance) of an indicator value. Of course, not the 
economic sector or the geographical location as such influences the organisations’ 
social performance but this differentiation is often applied in statistics. Thus, in order 
to acknowledge the differences between the sectors and to make the characterisation 
more fair. 
6.2.3 Goal of this work 
We argue that sLCA methods, such as RESPONSA, with site-specific social life cycle 
inventories (sLCIs) (i.e. with indicator values directly from organisations) should be 
characterised using context-specific PRPs (e.g. based on the geographic location, the 
associated economic sector and size of the organisation). Thus, the social conditions 
and backdrop in which organisations are operating should be acknowledged. A region 
with homogeneous conditions in regards to culture and legislation was decided for this 
study as a good geographical level to define the specific context of interest. The use of 
economic sector, characterised by similar production activities and thus, working 
conditions, makes the comparison of the organisations easier and fairer (Bellmann and 
Möller, 2011; Bechmann et al. 2013; Kohaut and Möller, 2013; Leber et al. 2013; Ellguth 
and Kohaut, 2016; Statistik der Bundesagentur für Arbeit, 2016). In addition, basic 
wages are often agreed upon on a sector level. Additionally, statistical data is available 
on a national and sector level, as well as for the different organisational size category’s. 
In this way the relative social performance of all organisations across a specific 
production chain can be judged fairly and effectively. This proposed sLCIA method 
would avoid comparing “apples and oranges”; as it would take into account the socio-
economic context of each of the individual organisations and their associated sectors, 
along the life cycle of a particular product.  
Therefore, the aim of this paper is to outline a characterisation method, based on 
context-specific PRPs which can effectively reflect the social conditions influencing the 
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various organisations involved in producing a specified product. Furthermore, we 
show an example of how the approach can be applied. 
6.3 Influence factors recognised in the context-specific characterisation 
approach for the German wood-based bioeconomy  
6.3.1 Classification of the influential conditions 
In the sLCA literature it is agreed upon that the geopolitical situation and economic 
conditions influence the social performance of organisations (Dreyer et al. 2006; 
Reitinger et al. 2011; Zamagni et al. 2011). For example, the amount of female 
employees is determined by the economic sector of activity, rather than the 
organisations’ conduct (Bechmann et al. 2013). For the definition of the context-specific 
PRPs we decided, therefore, to classify them according to the following factors which 
can influence the social contexts. The geographic location (i.e. country) in which the 
organisations are operating are intrinsic for all PRPs. Additional to this, the economic 
sector of the assessed organisation and in some cases the size of the organisation as factors 
influencing the social context are included. 
The characterisation method we outline here is designed to fit 26 social indicators 
selected from Siebert et al. (2018b) used to assess wood-based products produced in 
German bioeconomy regions. In Table 6-1 the social performance indicators,  
consolidated into comprehensive sub-indices (i.e. accidents and sick-leave) and related 
to an individual social index (i.e. health and safety) are presented (Siebert et al. 2018b). 
Furthermore, we indicate the type of indicator (i.e. quantitative or qualitative) and if 
the social aspect has a potential positive or negative effect. Thus, if the indicator is to be 
minimised, maximised, or if a yes or no answer is preferred that influences the 
characterisation approach required. Furthermore, the level of characterisation is 
indicated, either with the acronym ES (ECONOMIC SECTOR) if the PRP is only based 
on German economic sector-specific PRPs (i.e. classified according to the economic 
sector) or with the acronym OS (ORGANISATIONAL SECTOR) if the characterisation 
includes in addition an organisational size-based PRP (i.e. classified according to the 
organisational size too). Other specific characterisations of the individual indicators are 
indicated in footnotes. The questionnaire to build the inventory for the individual 
organisation in a production system and how the questions are linked to the indicator 
set is shown in Appendix A. The indicators are used in the following sections to show 
how this approach as an sLCIA characterisation step can be implemented.
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Index/ Sub-index Indicator Unit Equation/Measure Type Objective PRP 
level 
1. Health & safety  
Accidents Occupational accidents 
Occupational fatal accidents  
Nr 
Nr 
Number of accidents per year per 1000 employees* 







Sick-leave Sick-leave days  
Preventive health measures  
Nr 
y/n 
Sick-leave days per year per employee* 







2. Adequate remuneration 
Payment Payment according to basic wage a 
Average remuneration levela   
y/n 
€ 
Payment according to collective agreement 2 







Financial participation Capital participation 
Profit-sharing and bonuses 
y/n 
y/n 
Possibility of capital participation 







3. Adequate working time 
Working time Contractual working hours 
Compensation for overtime 
h 
y/n 








Work-life-balance Access to flexible working time agreements 
Rate of part-time employees 
y/n 
% 
Availability of flexible working agreements4 








Job conditions Rate of qualified employees  
Rate of marginally employees (max 450€) 
% 
% 
Percentage of employees with professional training per total employees 







Duration of employment Rate of fixed-term employees  




Percentage of fixed-term employees per total employees 








5. Knowledge capital  
On-the-job training Rate of employees participated in training  
Support for professional qualification  
% 
y/n 
Percentage of employees participated in training per total employees 







Vocational training Rate of vocational trainees % Percentage of trainees per total employees quan. max ES 
Research & development Rate of employees in research and development % Percentage of employees working permanently or temporally in the R&D 
section per total employees 
quan. max ES 
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Table 6-1 continued 
 
Index/ Sub-index Indicator Unit Equation/Measure Type Objective PRP level 
6. Equal opportunities 
Gender equality Female employees in management positions 
 




Percentage of female employees in management positions (1st and 2nd level) 
in relation to all employees in management positions5  











Integrate older employees Measures to support older employees y/n Measures for older employees (e.g.; offer of part-time contracts, special 
equipment of the workplace) 
qual. yes OS 
Integrate minorities Rate of disabled employees 
Rate of foreign employees a 
% 
% 
Percentage of disabled employees per total employees*  








Workers participation Works council y/n Existence of works councils in the organisation qual. yes OS 
Units: Nr = Number, % Percent, y/n = yes and no, h = hours; Type: quan = quantitative, qual = qualitative, *  Other sources than the IAB (Bundesministerium für Wirtschaft und Arbeit, 2014; 
Knieps and Pfaff, 2014; Statistik der Bundesagentur für Arbeit, 2016); a (East/West Germany) PRP level: ES = Economic sector; OS = Economic sector and Organisational size 
1  Two answer categories: “yes” if the organisation has one or more of the mentioned measures in place (see Appendix A Table A-1) or “no” if the organisation has no measure in place. For the 
calculation of the relative social performance scores please see Section 6.5. 
 2 Four answer categories. Best option: payment according to sectoral agreement, second best option: payment according to in-house agreement, third best option: the payment is orientated 
towards a sectoral payment, worst option: no basic wage is paid and no orientation takes place  
3 Three answer categories: Best option: financial and free time compensation, second best option: free time, third best option: financial compensation, worst option: no compensation  
4 Three answer categories: Best option: flexible working time agreements are offered, second best option:  flexible working time agreements are planned, worst option: no flexible working 
time agreements are offered 
5
 
Three answer categories: Best option: women in the 1st management level, second best option: women in the 2nd management level, worst option: no women in management positions. If the 
organisation has women in the 1st and 2nd management level the average score of both is taken.  
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6.3.2 The geographical location 
All PRPs applied in the sLCA model are at a national level (i.e. Germany). A national 
level was determined to be the most appropriate scale to generate a more context-
specific characterisation, which can capture the geopolitical context (i.e. legislation is 
passed at national level) and is the scale for which  most of the necessary data required 
for calculations can be obtained. However, for some indicators a regional 
differentiation of the PRPs is more important than for others. The income level in 
Germany, for example, differs especially between East and West Germany (IAB 2016), 
thus an indicator value from East Germany should not be assessed with a PRP from 
West Germany. Consequently, the complete indicator set of RESPONSA is assessed 
with national PRPs, except for the indicators characterising the sub-index “payment” 
as well as the indicator “rate of foreign employees” that are characterised with PRPs 
for East or West Germany to catch the differences between the regions (Table 6-1).  
6.3.3 The economic sector 
In addition to the geographic location where the organisations in a production chain 
are operating, it can be argued that the economic sector (e.g. forestry, transport and 
manufacturing sector) (Figure 6-1) influences the social conditions in which an 
organisation is operating in and thus, its social performance. For the purpose of 
developing the context-specific PRPs, it was assumed that for a particular economic 
sector the conditions are relatively homogeneous (e.g. working conditions). Therefore, 
all indicator values of the individual organisations, as part of the RESPONA approach, 
are characterised with economic sector-based (ES) PRPs. These represent the mean social 
performance of all (German) organisations operating in the corresponding sector of the 
organisation being assessed in the sLCIA. By relating the indicator value of an 
individual organisation to its corresponding ESPRP a sector-based relative social 
performance score can be calculated. 
The economic sectors in Germany can be structured according to the “Classification of 
Economic Activities, Edition 2008 (WZ 2008)”24 from the Federal Statistical Office 
(Federal Statistical Office Germany, 2008), which is further differentiated  into 
                                               
24 The classification takes into account the requirements of the “Statistical Classification of Economic 
Activities in the European Community” (NACE Rev. 2). Furthermore, the structure of the WZ 2008 was 
approved by the European Commission in line with Article 4 (3) of this regulation Federal Statistical Office 
Germany (2008).  
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progressively defined economic categories: groups, divisions and sections Table 6-2. In 
order to calculate more robust and representative ESPRPs for a particular sector, it was 
decided to use data from the section or division level (i.e. bigger sample size) (Table 
6-2).  
Table 6-2 Structure and coding system of WZ 2008 (Federal Statistical Office Germany, 2008) 
Hierarchical level Number of items Code Example 
Sections 21 A-U A Agriculture, forestry, fishing 
Divisions 88 01-99 02 Forestry and logging 
Groups 272 01.1-99.0 02.2 Logging 
Classes 615 01.11-99.00 … 
Sub-classes 839 01.11.0-99.00.0 … 
6.3.4 The size of the organisation  
Some social aspects assessed in RESPONSA are not only determined through the 
location and economic sector, but also through the size of the organisation. In general, 
in Germany large organisations (i.e. with more than 500 employees) have more formal 
measures implemented (e.g. health measures) than smaller organisations (i.e. with less 
than 19 employees), as they have the greater economic means to do so (Bechmann et al. 
2013; Leber et al. 2013). In contrast, small organisations often support more informal 
activities, but these are not constant and homogeneous and therefore, not included in 
official surveys (Leber et al. 2013). That’s why only formal measures are assessed 
through qualitative indicators in the RESPONSA framework. However, in order to 
make a fair assessment, the size of the organisation was also included in the 
development of the associated PRPs where data was available. The organisational size-
based (OS) PRPs therefore, represent the current mean social performance of (German) 
organisations corresponding to the size of the organisation considered in the sLCA 
study. By relating the indictor value of an individual organisation to its corresponding 
OSPRP an organisational size-based relative social performance score is calculated. The 
scores together amount to a context-specific relative social performance score 
acknowledging the influencing factors: economic sector and organisational size. 
6.4 The scoring approach and data sources 
6.4.1 The scoring approach 
We defined a scoring system for the relative social performance scores, ranging from zero 
to ten. The score of zero represents the relatively worst performance and ten the 
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relatively best social performance (Figure 6-2). The dimensionless numerical values can 
be easily aggregated into the social indices of the individual organisations.  
 
Figure 6-2 The assessment scale from zero (i.e. relatively poor social performance) to ten (i.e. relatively 
better social performance) is applied to calculate dimensionless relative social scores from the 
organisations’ indicator values and the performance reference points. 
6.4.2 Data sources to determine PRPs  
Since the RESPONSA model mainly focuses on the assessment of the regional 
foreground activities in Germany, we looked for German reference data. To increase 
reliability we preferred sources which provide reference data for as many indicators as 
possible. In this regard, the “IAB Establishment Panel” a yearly survey of 16,000 
organisations in Germany conducted by the Institute for Employment Research (IAB)25 
was selected as the main statistical source for reference data.26 The survey is conducted 
since 1996 in whole Germany on a large number of employment policy related 
subjects.27  
6.5 Characterisation approach for quantitative indicators  
6.5.1 Characterisation of quantitative indicators (full data) 
Fifteen of the selected indicators presented in Table 6-1 have a numerical unit and thus 
require a quantitative characterisation approach. Due to data security reasons, 
statistical data is published in an aggregated form. Data to derive the quantitative PRPs 
are provided in deciles28, this was then used to provide the scores from zero to ten for 
the associated PRP. A characterisation method was established by changing the format 
                                               
25 The IAB is a special office from the Federal Employment Agency. For the panel please see 
http://www.iab.de/en/erhebungen/iab-betriebspanel.aspx/, 20.05.2017 
26 Data sources applied besides the IAB are indicated in Table 6-1.  
27 Main topics are development of employment, business policy and development, investments, in-house 
innovations, government subsidies, personnel structure, vocational training and apprenticeship places 
recruitments and dismissals, personnel search, wages, working hours, training programmes, general 
company information http://fdz.iab.de/en/FDZ_Establishment_Data/IAB_Establishment_Panel/ 
IAB_Establishment_Panel_Outline.aspx In addition, each wave has a particular topic, for example, on 
women in executive positions in 2012. 
28 Deciles sort data into ten equal parts, so that each part represents 1/10 of the sample at a specific value 
(Fahrmeir et al. (2004). The statistical median value displays, for example, that 50% of the reference 
organisations and less than that have a certain indicator value (e.g., number of part-time employees) 
(ibid.). 
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of the y-axis from the proportion of reference organisations29 to scores from zero to ten. 
Now, the relative social performance score (0-10) for the indicator value (e.g. average 
remuneration level) collected from the single organisation (displayed at the x-axis) can 
be read of from the y-axis (Figure 6-3).  
 
Figure 6-3 Quantitative indicator characterisation with more than one statistical reference value derived 
from the Federal Office of Statistics (Statistik der Bundesagentur für Arbeit, 2016). The graphics displayed 
here show the performance of German reference organisations in the manufacturing sector only, for the 
selected quantitative indicator “average remuneration”. Figure 3a displays the average performance in 
West Germany whereas Figure 3b the performance in East Germany. 
6.5.2 Characterisation of quantitative indicators (partial data) 
For all four indicators displayed in Figure 6-4, the data was not available to the same 
level of detail, because some indicators did not have data from the IAB survey to 
support them (Figure 6-4). Thus, other external data sources were used such as 
statistics from the Federal Statistical Office and health insurance institutions. However, 
these data sources only provided a mean value for the relative social performance 
(Figure 6-4d), for example, the average number of foreign employees (1.23%) in the 
wood manufacturing sector in Germany (Statistik der Bundesagentur für Arbeit, 2015). 
This mean value was then assigned a score of five (i.e. 50% percentile). Nevertheless, in 
order to maintain the scoring system from zero to ten, values for the missing scores 
needed to be calculated. Therefore, depending on if the indicator is maximised (the 
social aspect has a positive effect) or minimised (the social aspect has a potential 
negative effect), 10% was added or withdrawn from the mean indicator value (x-axis) 
to determine the missing scores (y-axis). Thus, in Figure 6-4d a positive indicator is 
displayed, where a higher indicator value is evaluated with a better performance score. 
                                               
29 We use the term reference organisation in the following to describe the statistical data from the IAB or 
other sources, which show the proportion of organisations in Germany in a certain economic sector or of a 
certain organisational size with a certain indicator values (i.e. the amount of part-time employees).  
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From the statistical mean value the PRPs for the scores from six to ten are calculated by 
adding 10% steps and the scores from four to zero by withdrawing 10% steps. As the 
calculated PRPs do not end at zero and a hundred percent, but we assume that the 
minimum indictor value is zero percent which is the worst performance and gets a 
score of zero and the maximum is hundred percent which is the best performance 
assessed with a score of ten, the lines are lengthened to zero and hundred percent.   
 
 
Figure 6-4 Characterisation curves derived from the proportion of German reference organisations in the 
wood manufacturing sector for the four quantitative indicators with only one statistical reference value a) 
number of accidents per 1000 employees, b) number of fatal accidents per 1000 employees, c) sick-leave 
day per employee, d) rate of foreign employees. In d) the calculation for an indicator that is to be 
maximised (i.e. the higher the indicator value the better the performance) is displayed. The big grey point 
represents the statistical mean value of 1.23% which is assessed with a score of five. The missing PRPs are 
calculated for the other scores. A higher indicator value should receive a higher score; therefore, 10% steps 
are added to the statistical mean value to calculate the x-values for the scores from six to ten. As a result 
the received organisational indicator values displayed on the x-axis can be evaluated with the 
corresponding scores on the y-axis. 
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6.6 Characterisation approach for qualitative indicators  
6.6.1 Characterisation of qualitative indicators with binary answers on a 
sectoral level 
Eleven of the selected indicators are qualitative and in binary format, thus their values 
are primarily provided as “yes” or “no” answers (Appendix A). Qualitative indicators 
can, for instance, estimate if an organisation provides a certain measure or not (e.g. 
preventive health measures). In general, “yes” is the preferred answer, as the actions 
associated with these indicators are seen to have a positive social outcome (e.g. 
preventive health measures). Therefore, organisations that have specific measures in 
place, or their indicator value is “yes”, will always have a better performance than an 
organisation which does not have these measures. 
The relative performance score (r) was calculated as follows. From the statistical data 
provided by the IAB we could determine how many reference organisations in a 
certain sector answered “yes” (e.g.       ) and how many answered “no” (e.g. 
      ) with regards to implementing, for example, preventive health measures 
(Appendix A).30 For this indicator, “preventive health measures”, the majority, 70% of 
the organisations in the German manufacturing sector answered no, they have no 
preventive health measures in place, whereas 30% answered yes, they do (Bechmann et 
al. 2013). We then take these sectoral proportional shares of “yes” and “no” to calculate 
the ESPRPs for the associated indicator θ. Therefore, in the case of the preventive health 
measures, this can be expressed as            for “no” answers and            
for “yes” answers. We set the average score of the sector to plus 5, for the lowest score 
assigned zero and to minus 5 for the highest score of 10 (i.e. 100% of organisations said 
yes) and (i.e. 100% of organisations said no) (Eqn. 1 and 2). Thus, we propose that for 
binary PRPs, the relative score (red line –Figure 6-5) increases from zero to five when a 
greater proportion of organisations in the sector do not have a certain measure in place. 
The lower the proportion the lower the score, because when none of organisation in the 
sector have given a “no” response, it implies that all have given a “yes” response. 
Thus, the relative performance of the sector is evaluated with the lowest score of zero 
and vice versa, the proportions of “yes” or “no” answers are inserted in Eqn. 1 and 2:  
                                               
30 We could also determine how many of German reference organisations of a certain size have answered 
with yes or no. Therefore, the characterisation method explained in the following is valid for OSPRPs as 
well. ES refers to the “average sector score”. 
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(1) Equation for “yes” answers (best option):                   
(2) Equation for “no” answers (worst option):               
This means for our example, as 70% have answered no, the score assigned to a no 
answer is 3.5 for this sector (Eqn. (1)). In contrast, the relative scores decrease from 
ten to five (green line- Figure 6-5) when a greater proportion of reference 
organisations have these measures in place. With our example, as only 30% have 
answered yes, they become partially an “exception to the rule” (i.e. score of 5) and 
thus, should get a higher score of 8.5 (i.e. no Eqn. (2)) for their additional effort. These 
PRPs for the sector are then used as scores for the relevant organisations along the 
production chain of interest (i.e. if an organisation says “yes”, their PRP will be the 
same as the sectors, a score of 8.5 (see Appendix)). 
 
Figure 6-5 Characterisation of qualitative indicators with binary answers on a sectoral level. Scoring lines 
and PRPs are shown of the qualitative indicator “preventive health measures” derived from reference 
organisations in the manufacturing sector. For calculating the sectoral scores, the yes ESPRP θ=1 on the green 
line and the no ESPRP θ=0 on the red line are displayed for the manufacturing sector in Germany (Bechmann 
et al. 2013). 
6.6.2 Characterisation of qualitative indicators with ranked answers on a 
sectoral level 
In addition, the RESPONSA indicator set includes two categorical qualitative 
indicators that have four possible answer categories (i.e. “payment according to basic 
wage” and “compensation for overtime”) as well as another two that have three 
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possible answers (i.e. “access to flexible working time agreements” and “female 
employees in management positions”) (Table 6-1 and Appendix A). Therefore, the 
approach taken for the development of the binary PRPs had to be adapted. Using the 
indicator “compensation for overtime” as an example, categories were ranked from the 
best option to the worst (Figure 6-6). The organisations’ performance is scored with 5 if 
it corresponds to the average benchmark performance. The scoring is further adapted 
regarding the potential effects of the answer (i.e. free time and financial compensation, 
only free time, only financial compensation or no compensation). The scoring from the 
best option, free time and financial compensation was scored from 10 to 5 (Eqn. (3)), 
the second best option, only free time, scored from 7.5 to 5 (Eqn. (4)), the third best 
option, financial compensation only, was scored from 2.5 to 5 (Eqn. (5)) and the worst 
option, no compensation for overtime, it was scored from 0 to 5 (Eqn. (6)).   
(3) Equation for “yes” answers (best option):                   
(4) Equation for “yes” answers (second best option):                         
(5) Equation for “no” answers (third best option):                         
(6) Equation for “no” answers (worst option):                 
The corresponding scores displayed in Figure 6-6 were calculated using the Eqns. 3-6.  
From the statistical data provided by the IAB the proportion of German organisations 
in the manufacturing sector corresponding to each answer category were found to be 
as follows: free time and financial compensation:            , only free time: 
              , only financial compensation:               , no compensation: 
            (Zapf, 2015). Therefore, if an organisation in the regional foreground 
associated with the manufacturing sector compensates the overtime of their employees 
financially or with free time (      ), it is assessed with a relative good social 
performance score of       (Eqn. (1)). If they would have no compensation at all 
(      ) they would receive a really bad social performance score of       (Eqn. (2)), 
because the majority compensates overtime in one way or another.  
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Figure 6-6 Scoring lines and ESPRPs derived from the proportion of German reference organisations in the 
manufacturing sector for one selected qualitative indicator, “compensation for overtime” with four answer 
categories on a sectoral level (Zapf, 2015). 
6.6.3 Characterisation of qualitative indicators on a sectoral and 
organisational size level  
In contrast to the quantitative indicators some qualitative indicators do not only take 
the economic sector as an influencing factor into account but in addition the 
organisational size. The qualitative indicator “preventive health measure” assesses the 
effort taken by the organisation to prevent health and safety issues in their 
organisation. Thus, the organisation can have either additional health measures in 
place or not. The implementation of such official measures is determined by the 
financial capacities of the organisation, which is influenced by its size. In Section 6.3.1 
we described how the relative sector-based social performance scores for this indicator 
are calculated. However, as this indicator takes into account the organisational size as 
an additional influence factor the previous score has to be merged with the relative 
organisational size-based score.  
Figure 6-7 displays the OSPRPs for different organisational size categories in Germany 
for the indicator “preventive health measures”. It can be seen that the majority, 84%, of 
the small reference organisations in Germany with 1-19 employees German have no 
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official health measures in place (Bechmann et al. 2013). If a small organisation of 
interest in the production system would also have no health measures in place (i.e. give 
a no response to the indicator) they would get an organisational size-based score of 4.2, 
which indicates a slightly relatively poor social performance (Eqn. (2)). If a large 
organisation with more than 500 employees also has no measures in place they get in 
this example a low score of 0.3 because only 6% have given a “no” response, which 
means that the rest 94% gave a “yes” response (Bechmann et al. 2013), thus no effort 
was taken and a relatively low score is given.  
 
Figure 6-7 Characterisation of qualitative indicators on a sectoral and organisational size level. The final 
performance score is based on the sector-based PRP (Section 6.6.1) and the organisational size based PRPs 
shown here. Here the OSPRPs derived for German reference organisations for the indicator “preventive 
health measures” are displayed (Bechmann et al. 2013). 
6.7 Exemplary case study  
6.7.1 Classifying organisations in the product system  
An example of our proposed sLCIA approach for a particular product is shown for two 
exemplary organisations indicated in the product system in Figure 6-8. The first 
organisation is harvesting the wood and has 10 employees. Therefore, the organisation 
is associated with the forestry sector and to the smallest organisational size category. 
Furthermore, we assume that this organisation contributes 40 working hours to the 
total 100 working hours required to produce 1 kg of the assessed final product. The 
second organisation that is responsible for converting the wood is associated to the 
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manufacturing sector and with 800 employees it belongs to the largest organisational 
size category. Its contribution to the final product is 60 working hours. Both 
organisations are assumed to be operating in East Germany.  
 
Figure 6-8 The characterisation approach for RESPONSA. The organisations’ performance is compared to 
the performance of (German) reference organisation in the corresponding sector and in addition for some 
indicators with the performance of (German) reference organisations of the associated size. 
6.7.2 Determining the sLCIs 
In Appendix B and C the hypothetical answers of organisation one and two are shown, 
as well as the resulting potential indicator values. The indicator scores (i.e. relative 
social performance scores) are calculated as outlined in Section 6.5 with German 
reference data on a sectoral level (and) organisational size level (Table 6-1) and are 
shown in Table 6-3. All indicator values (i.e. answers to the questions) are hypothetical, 
in order to indicate the calculation of the different scores with the corresponding ES 
and OSPRPs (Table 6-1). 
6.7.3 sLCIA step  
In Table 6-3 the scores for all selected indicators of the RESPONSA framework are 
calculated based on the PRPs generated from the different statistical sources. For an 
easier interpretation we applied the colour coding shown in Figure 6-2. Thus, green 
indicates a relatively better social performance and red indicates a relatively poor 
social performance. Such colour coding systems was first implemented by Ciroth and 
Franze (2011). In the following we describe the calculation for two indicators and the 
organisation two.  
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Table 6-3 Exemplary indicator values for the organisation one and two in the production system and 
associated scores derived from the calculations explained in the paper. For indication of colour coding 
scale refer to Figure 6-2. 
6.7.3.1 “Preventive health measures” 
The binary qualitative indicator “preventive health measures” takes into account both 
factors of economic sector and organisational size (Table 6-1). Therefore, the first step 
of characterisation calculates the ES score, based on the performance of reference 
















1. Health & safety  5  8 
Occupational accidents 40 8 3 7 
Occupational fatal accidents 0.35 1 0.0029 9 
Sick-leave days  10 7 5 9 
Preventive health  measures  no 4* yes 6.9* 
2. Adequate remuneration  6.2  7.3 
Payment according to basic wage Sectoral agreement 8.6* In-house agreement 6.9* 
Average remuneration level  2500€ 7 3000€ 8.7 
Capital participation no 4.9* no 4.8* 
Profit-sharing and bonuses no 4.4* yes 8.9* 
3. Adequate working time  5.4  5.7 
Contractual working hours 40h 6.6 40h 4.2 




Free time & financial 
com. 
6.9 
Access to flexible working time 
agreements 
no 3 yes 6.6 
Rate of part-time employees 10%  8.9 10% 4.9 
4. Employment  7.5  7.5 
Rate of qualified employees  60% 7.5 80% 7.5 
Rate of marginally employees (max 450€) 10% 6.9 6% 7.9 
Rate of fixed-term employees  10% 8 10% 6.2 
Rate of employees provided by temporary 
work agencies 
0% No data 5% 8.3 
5. Knowledge capital  7.5  6.4 
Rate of employees participated in training  30% 5.5 50% 5.7 
Support for professional qualification  yes 8 yes 6 
Rate of vocational trainees 10% 8.9 4% 6 
Rate of employees in research and 
development 
0 No data 15% 7.7 
6. Equal opportunities  4  5.4 
Female employees in management 
positions 
no No data  
Yes in the 1st and 
2nd level 
8.1 
Measures to improve gender equality  no 3.9* no 2.2* 
Measures to support older employees no 4.5* no 5.5* 
Rate of disabled employees 1% 2 1% 1 
Rate of foreign employees 5% 6 10% 10 
7. Participation  No data  7.4 
Works council no No data yes 7.4 
* Indicator score calculation for OSPRP level: 
                 
 
  a Index-Score calculation: 
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According to Bechmann et al. (2013) 30% of German organisations in the 
manufacturing sector have health measures in place (i.e. answer “yes”) as organisation 
two did in our example. This yes ESPRP value is inserted into equation (7) describing the 
scoring line for yes answers (Figure 6-5). The calculation results in an ES score of 8.5 
indicating a relatively better social performance (Eqn. (7)), because only a minority of 
30% in the sector have health measures in place which makes organisation two an 
exception.  
However, in a second step the size of organisation two has to be taken into account. 
Therefore, organisation two’s performance is compared with German organisations of 
a similar size (i.e. with more than 250 employees) in order to receive the OS score (Eqn. 
(8)). According to Bechmann et al. (2013) 94% of organisations with more than 250 
employees have preventive health measures in place (i.e. “yes” answer) (Figure 6-7). 
This yes OSPRP is now inserted in equation (8) describing the general scoring line for 
yes answers. The OS score of 5.3 indicates a near average performance, because nearly 
all organisation of the same size (irrespective of sector) have health measures in place 
too. The average of both scores (i.e. ES score and OS score) is taken to calculate the final 
relative performance score for the indicator “preventive health measures”(Eqn. (9)). 
Thus, organisation two gets a final score of 6.9 which indicates a slightly better than 
“average” social performance.  
(7) ES score:                   :                    
(8) OS score:                    :                     
(9) Final score:    
       
 
      
6.7.3.2  “Female employees in management positions” 
The ranked qualitative indicator “female employees in management positions” 
differentiates between the following possible answer categories; “yes” or “no” on the 
first management level (best and third best option) and “yes” or “no” on the second 
management level (second best and worst option) and is characterised as presented in 
Figure 6-9. For the characterisation the indicator takes into account both of the selected 
influence factors, too. According to Kohaut and Möller (2013), 14% of the organisations 
in the manufacturing sector in Germany have female employees in the highest 
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management level31 and 19% in a 2nd management level. In the organisation two, of the 
exemplary case study, female employees are in management positions at both levels. 
Accordingly, the ES scores for both levels are calculated with the Eqn. 3 and Eqn. 4 
representing the scoring lines for the best option (i.e. female employees in management 
position at the highest level) and the scoring line for the second best option (i.e. female 
employees in management positions in the second management level). Thus, the ES 
scores are 9.3 for the best option and 7 for the second best. However, as we take into 
account the organisational size as an influence factor for this indicator too, the OS 
scores are calculated in the same manner, with the yes OSPRPs calculated for the biggest 
organisational size category (i.e. > 500 employees). Thus, the “yes” answer for the 
OSPRP 1st level is 0.16 and the “yes” answer for the OSPRP 2nd level is 0.19 (Kohaut and Möller, 
2013), using Eqn. 10 and Eqn. 11, the scores of 9.2 and 7 are calculated. Thus, the final 
score for the indicator which combined the ES and OS scores for the 1st and 2nd 
management level together is calculated using Eqn. 12. The final score of 8.1 represents 
a relatively good social performance of the organisation two in the example.  
(10) Yes ES & OS score 1st management level:                   
(11) Yes ES & OS score 2nd management level:                    
(12) Final score: 
                                                
 
 
6.7.4 Relating social effects to the product 
The scores calculated in the previous sections are not yet related to the contribution of 
the organisation to the final product. Therefore, the index score is weighted according 
to the organisation’s activity variable. Organisations in the product system probably 
produce more than one product and contribute differently to the final product under 
assessment. Working hours, value added per activity and mass are activity variables that 
can be used to relate an organisation’s social performance to a functional unit (FU), 
similar to the standard allocation processes used in environmental LCAs. This is done 
by calculating the proportion of the products produced by one organisation which 
contribute to the end product under consideration. Andrews et al. (2009), for example, 
calculated the working hours, relating to the supply chain of horticulturally produced 
                                               
31 For example a managing director, owner, board, store/branch management, management. 
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tomatoes, as one particular attribute in order to identify where to focus Corporate 
Social Responsibility activities.   
 
Figure 6-9 Consolidating the relative social performance scores of the social indicators (Table 6-1) into 
social indices scores and relating the proportion of these individual organisations’ social performances to 
the final product using a working hour activity variable (adapted from Siebert et al. 2018a) 
Working hours can be used to determine which organisation contributes the most 
work to the product. In Figure 6-9 the activity variables are displayed on a working hour 
basis. For example, the first organisation contributes 40h, thus 40% of the total working 
hours, of the end product under consideration. Therefore, the social index score (Table 
6-3) is multiplied by 0.4, the activity coefficient. Thus, the health and safety index score 
of 5 is weighted with 0.4 (       ) (see Table 6-4). The final social index scores 
which assess the production system are proportionately weighted with the activity 
factor of an organisation’s production that is put towards the end product (Figure 6-9). 
The resulting social life cycle inventory (sLCI) of all the associated organisations in the 
bioeconomy region is therefore, a matrix of relative (dimensionless) numerical scores, 
which are in proportion to an organisation’s contribution to the product’s FU (e.g. 1kg 
of wood product). These are regarded as being equivalent to the scaling matrix used in 
conventional LCA computations (Heijungs and Suh, 2002).  
Summing the weighted scores for the index “health and safety” of both organisations 
one and two we receive the final weighted health and safety index score for the 
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Table 6-4: Index scores of the exemplary organisation one and two weighted according to their 












1. Health & safety 5.0 2.0 8.0 4.8 6.8 
2. Adequate remuneration 6.2 2.5 7.3 4.4 6.9 
3. Adequate working time 5.4 2.2 5.7 3.4 5.5 
4. Employment 7.5 3.0 7.5 4.5 7.5 
5. Knowledge capital 7.5 3.0 6.4 3.8 6.8 
6. Equal opportunities 4.0 1.6 5.4 3.2 4.8 
7. Participation n.d. n.d. 7.4 4.4 - 
n.d. no data 
Calculation of the weighted organisational scores:                            
Calculation of the weighted product scores:                                 
6.7.5 Discussion of the results 
This exemplary case study shows the applicability of the RESPONSA approach for the 
evaluation of the social performance of single organisations and a whole product. 
Looking at the indicator “occupational accidents” it can be seen that organisation one 
received a better relative social performance score than organisation two, although it 
has more accidents. This is due to the relative social performance assessment that is 
based on the performance of German organisation in the corresponding sector. 
Therefore, the relative performance scores indicate how the single organisations 
perform in view of the average performance of the corresponding economic sector. For 
an easier interpretation of the scores the colour coding enables the participating 
organisations to identify social hotspots (indicated by a red colour) or social 
opportunities (indicated by a green colour) at a first glance. The social index scores 
could serve as a first orientation, in this regard. While organisation one founds a social 
hotspot for the index “equal opportunities”, no social hotspot at all is found for 
organisation two at the social index level. However, both organisations have several 
hotspots on the social indicator level. These results can support decision makers focus 
on which social aspects are important to look at and which activities need 
improvement. This internal use of the results can thus support positive social aspects 
or prevent negative ones. Furthermore, organisations if they choose, could also report 
on their result for external purposes, such as marketing or evaluations.  
In addition to that, the aggregated product scores indicate the relative social 
performance of the assessed product, by incorporating the individual organisational 
performances and their contribution to the product. While evaluating the exemplary 
6  HOW NOT TO COMPARE APPLES AND ORANGES: GENERATE CONTEXT-SPECIFIC PERFORMANCE 
REFERENCE POINTS FOR A SOCIAL LIFE CYCLE ASSESSMENT MODEL    84 
 
wood product, for most of the indices a slight relative positive social performance is 
found except for the index “equal opportunities”. In order to interpret these scores the 
individual organisational performances and their contribution to the product should 
always be taken into account.  
6.8 Discussion and outlook 
The aim of this paper was to develop a characterisation method for the selected social 
indicator set of Siebert et al. (2018b) to assess wood-based products produced in 
German bioeconomy regions. We proposed a characterisation approach based on 
context-specific PRPs, which provides geographically referenced benchmarks per 
economic sector and organisational size, in order to determine the relative performance 
of organisations along the production chain of interest. Thus, a systematic overview is 
provided on the relative social performance of the individual organisations and the 
product. In this regard producers are able to identify social hotspots (indicated by 
scores below five), as well as social opportunities (indicated by scores above five) in 
view of relevant reference organisations from the same economic sector and 
organisational size.  
However, there is a trade-off between this context-specific sLCA approach and 
universal applicable ones (Russo Garrido et al. 2016). The context-specific ones mostly 
require high effort in data collection and are not replicable, but are therefore more 
related to the product. In contrast the universal applicable sLCA approaches, valid for 
global product systems, mostly apply data on a country scale that are therefore not 
directly relatable to the product. Those assessments cannot inform individual 
producers about the relative social performance of their individual supply chain 
organisations, as they apply indicator values independent of the geographic location. 
While the benefit of this generalised approach means that the global product systems 
can be assessed, but not accounting for location specificities these approaches have the 
tendency to compare apples and oranges. Thus, we evaluated a context-specific 
approach, as the social implications caused by the associated organisations in a 
regional production chain can be directly evaluated and furthermore, compared to the 
general performance in their corresponding sector.  
While the RESPONSA framework is not applicable as such outside the system 
boundaries, because it is designed to analyse foreground production activities in 
Germany, it could be combined with more generic approaches such as the Social 
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Hotspot Database (Benoît-Norris et al. 2014), to scan the upstream and downstream 
activities for social hotspots or opportunities. It is to unlikely if complex global 
production system can ever fully be assessed with context-specific approaches, which 
rely on such a high level of detail (Martínez-Blanco et al. 2014). Although potential 
bottle necks still remain in the RESPONSA approach, such as the data availability or 
the willingness of organisations to participate, there are many benefits of implementing 
it, such as the site-specific sLCIs and the context-specific characterisation taking into 
account the geographic location, the associated economic sector and size of the 
organisation, helping regional companies to compare “like with like”. However, in 
spite of the limitations, the approach still has the potential to be modified and 
implemented for other contexts and countries, by adapting the indicator set and 
finding data for the characterisation step. Furthermore, the approach also has the 
potential, due to the quantification of potential impacts, to be used in combination with 
other life cycle tools (i.e. Life Cycle Costing and environmental LCA).   
While, this paper is predominantly focused on the sLCIA approach, the 
implementation of the full RESPONSA approach, in the end, depends on the 
organisations willingness to participate. The practicality of which can be increased 
through a computer based user interface, which facilitates the implementation of the 
approach on an organisational level. Thus, the questionnaire shown in the Appendix 
can be integrated in a tool and linked to the corresponding characterisation curves. 
Therefore, German producers can easily compare their social performance (i.e. 
organisational inventory) with the social performance of the corresponding economic 
sector (and) organisational sizes and make more informed decisions. As the 
RESPONSA approach is based on relatively easily available indicators, organisations 
can easily update their sLCAs. 
6.9 Conclusion 
The characterisation approach of RESPONSA outlined in this paper evaluates a 
product’s relative social performance without comparing “apples and oranges”. By 
acknowledging the geographical location as well as the differences between the 
operational sectors and organisational sizes involved in producing a product, the 
relative performance can be judged fairly and with greater specificity. It does this 
through a relative comparison of site-specific indicator values collected from 
organisations in the assessed product system with national sector-based and 
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organisational size-based PRPs derived from statistical sources describing the mean 
performance regarding an indicator formed by reference organisations. RESPONSA is 
therefore, to our knowledge, the first highly context-specific characterisation approach 
that considered the classification of economic sector of the assessed organisation and in 
some cases the size of the organisation as factors influencing the social performance of 
organisations. The scoring approach that compares the site-specific indicator values 
with the context-specific PRPs enables the identification of social hotspots 
(performance worse than the benchmark) and social opportunities (performance better 
than the benchmark) and thus, informs decision makers. RESPONSA, is also therefore, 
the first approach to explore social hotspots or social opportunities of a product based 
on the social performance of the organisations found along the production chain. The 
characterisation approach has been shown here to work for wood-based product life 
cycle stages found in the regional foreground in Germany. 
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7 Discussion of the main results 
The launched strategies steering towards a bioeconomy in Germany and the research 
project “Leading Edge Cluster BioEconomy”, that aimed to set up a production 
network for new wood-based products, was a concrete reason for this thesis. Indeed, 
the development of adequate tools to support the management of these new 
production systems was triggered. The European Commission evaluated Life Cycle 
Assessment frameworks as the best suitable to assess potential impacts of products 
(COM, 2003). While tools to assess products’ environmental implications (LCAs) are 
well developed, tools to evaluate social implications (sLCAs) are still in its infancy.  
Thus, the aim of this thesis was to develop an sLCA approach to evaluate potential 
social implications from production activities associated to wood-based products 
produced in a German bioeconomy region. The diversity of methodologies applied 
within sLCA studies required to develop the approach from the start in order to fit the 
requirements of the evaluation, such as a direct use for the producers. In a first step, a 
conceptual framework was developed, setting the basic concepts, elements and 
definitions for the approach. In a second step, a context-specific indicator set that fit the 
conceptual framework was selected. In a last step, a characterisation approach was 
developed that acknowledges the geographical location as well as the differences 
between the operational sectors and organisational sizes as factors that influence the 
conduct of organisations. Above all, the comprehensive sLCA approach enables to 
monitor and to assess potential social implications from wood-based production 
activities in a German bioeconomy region. In the following the main elements that 
make the RESPONSA approach are further discussed.  
7.1 Organisations as unit of analysis 
The behaviour of organisations towards stakeholder (i.e. workers, local communities 
and national society) forms the core element to be analysed in the RESPONSA 
approach. This is in contrast to conventional LCA where the production processes are 
the major unit of analysis. Dreyer et al. (2006) first stated that social implications are 
caused by the decision making in the organisations rather than the unit process itself. 
Today, many sLCA studies apply this definition (e.g. Hosseinijou et al. 2014; Manik et 
al. 2013; Traverso et al. 2012). Moreover, organisational sLCA approach were 
developed, for example, by Martínez-Blanco et al. (2015).  
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However, it has to be noticed that certain social effects can be directly related to 
specific processes, for example, illnesses caused by machine noise, or by hazardous 
materials used in certain processes. The dust caused by sawing, milling, boring or 
dragging processes, may cause cancer, which is a specific social impact directly related 
to a production process. All the same, health issues that can be easily related to a 
particular process are often already assessed within conventional LCA studies. In view 
of important social aspects that cannot be directly related to a process, the 
organisational level is considered as an adequate unit of analysis which is also feasible 
to assess. Accordingly, social aspects such as remuneration or general working 
conditions of workers, can be considered within the sLCA studies.   
7.2 A country as major system boundary 
The transition towards a bioeconomy should take place at a regional and local level, in 
order to involve decision-makers, allocate resources and to use the regional structures 
to connect new sectors (Besi and McCormick, 2015; Spatial Foresight, SWECO, ÖIR, 
t33, Nordregio, Berman Group, Infyde, 2017). Thus, bioeconomy is commonly viewed 
from a regional perspective. Therefore, it is assumed that the major production 
activities related to the main life cycle stages of a wood product take place in areas 
smaller than a country (Siebert et al. 2018a). Based on this assumption, the RESPONSA 
approach is designed to focus on the social implications of the foreground activities of 
wood-based production systems located in a country (i.e. Germany) (ibid.).  
Accordingly, indicators relevant for the foreground context were selected to be applied 
in the RESPONSA framework (i.e. specific for the German wood-based 
bioeconomy).Owing to the fact that social effects are related to the geographical 
location where they unfold, sLCA require different indicators, depending on which 
country the product is produced (Zamagni et al. 2011). The necessity to integrate 
location specific information within sLCA studies, due to cultural and legislation 
aspects, or with other words to adopt the method to the context, was raised by several 
authors (Benoît et al. 2010; Hauschild et al. 2008; Klöpffer, 2008; Zamagni et al. 2011).  
Another argument, why the country level is adequate to define the system boundary is 
that also statistical data are mostly available on a country level. Therefore, a 
characterisation approach could be developed that acknowledges the geographic 
location, the economic sector and the size of the organisations within PRPs derived 
from reference organisations in Germany (Siebert et al. 2018c).  
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Of course, this focus on major life cycle stages in the foreground (i.e. the country) 
leaves aside background processes potentially taking place in other countries. 
However, those could be scanned with available generic sLCA tools such as the Social 
Hotspot Databases. In addition, the RESPONSA approach could also be extended to 
further countries which are relevant for the production system.  
7.3 A context-specific indicator set 
There are more than 100 social indicators to identify, monitor and assess various social 
aspects. However, only a limited number of indicators can be applied in an sLCA case 
study, taking in mind the restricted resources of sLCA practitioners as well as the 
organisations within the production system, which have to provide the required data.  
For the simple reason that, social hotspots or opportunities can only be identified, if the 
social aspect is covered by a social indicator applied in the sLCA study, the selected 
indicators should focus on relevant social aspects. The relevance of social aspects 
depends on the context and the geographical location of the study. Thus, some aspects 
such as “indigenous rights” (UNEP-SETAC, 2009) are irrelevant for an sLCA approach 
focusing on German production activities, others are common and independent of the 
context (i.e. remuneration is a relevant social aspect independent of the production 
location) although the characteristics may differ (i.e. the amount required for a decent 
life depends on the local context).  
To be easily measurable and comparable, most of the selected indicators for the 
RESPONSA approach are quantitative (numerical). In contrast to a qualitative 
indicator, quantitative ones are easier and fast available and can be compared with 
other organisation in the life cycle. The qualitative indicator “measures taken to 
prevent accidents”, for example, is rather vague than the quantitative “the number of 
accidents”. Nevertheless, this is only the case if this indicator (i.e. the number of 
accidents) is properly recorded within an organisation. Dreyer et al. (2006) argued in 
this regard, that if working accidents are not properly registered in an organisation this 
indicator cannot give an unambiguous performance of the organisation. But this 
limitation removes, as in Germany it is mostly required to record accidents properly 
(e.g. for the associations). Thus, quantitative indicators were evaluated as the more 
suitable for the sLCA approach, because they can be measured straightforward. 
Indeed, a number can be delivered through the organisation itself or can be even taken 
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from sustainability reports, whereas data for a descriptive qualitative indicator often 
has to be collected on site.  
7.4 Impact assessment: Economic sector and organisational size PRPs 
While there is no common or standardised characterisation method in sLCA it can be 
differentiated between two major types; methods based on the cause-effect relationship 
and methods based on performance reference points (Parent et al. 2010; UNEP-SETAC, 
2009). The former approach derives social impacts through characterisation factors 
based on impact pathways, whereas the latter rather evaluated social effects by 
evaluating the relative position of an indicator against the performance expected from 
a certain reference (Parent et al. 2010). Chhipi-Shrestha et al. (2015) gives an overview 
on the different techniques applied in the frame of the two types of sLCIA approaches. 
Accordingly, methods based on PRPs are most frequently used, but they distinguish 
between checklist methods, scoring methods and social hotspot methods (Chhipi-
Shrestha et al. 2015) as well as regarding the scoring systems and reference points 
applied (Russo Garrido et al. 2016). 
Ciroth and Franze (2011) first introduced a scoring system with six performance levels, 
indicated by a number (e.g. one for a positive performance) and a colour (e.g. green). 
They generated the PRPs from international standards such as the ILO labour 
standards, ISO 26000, or the OECD Guidelines for Multinational Enterprises, which 
provide mostly descriptive benchmarks. However, for which performance which score 
was assigned in particular is not transparently documented within the study.   
Dreyer et al. (2006) scored the management effort of organisations into an aggregated 
performance score. Within the calculation, they further take into account the contextual 
risk of violating labour rights occurring in the geographical location and the industrial 
sector associated to the organisation. However, the method considered only labour 
rights and thus is limited to the stakeholder category workers. In addition, Ramirez et 
al. (2014) also tried to incorporate the geographical context into their assessment on a 
four level scale (i.e. from A to D). In this regard they evaluate organisations that 
operate below the standard in a positive context worse (i.e. with level D) than those 
also not fulfilling the standard but operate in a negative context (i.e. with level C).    
Foolmaun and Ramjeeawon (2013) also introduced a new scoring method for the 
sLCIA phase. They assigned scores from zero (negative) to four (positive) according to 
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the percentages of workers answering “yes” or “no” to a question. The more workers 
answered “yes” to a yes type question the higher the score and the better the working 
conditions. This approach allowed totalling the indicator scores into subcategories and 
therefore to compare the single scores between different scenarios. A similar scoring 
method was used by Aparcana and Salhofer (2013) who introduced a scoring between 
zero (non-fulfilment) and one (fulfilment) depending on the proportion of stakeholder 
identified in a survey affirming fulfilment of a social criteria. The average score for the 
indicators were calculated and rounded to a score of one (fulfilment) if more than 50% 
reported a fulfilment of the social criterion and rounded to zero (non-fulfilment) if less 
than 50% reported a fulfilment. Similar to Foolmaun and Ramjeeawon (2013) this 
sLCIA approach is only to be used to show differences between case studies, because 
the scores do not show the performance compared to a benchmark. In addition, as this 
method is based on interviews conducted on site, it was evaluated as not suitable for 
the purpose of the developed sLCA method in the thesis as it was aimed to develop a 
method that is easier to conduct.  
Revéret et al. (2015) evaluated the inventory indicators according to a behaviour 
evaluation scale (risky, compliant, proactive and committed behaviour). In order to 
determine the type of behaviour they applied minimal legal requirements, sectorial 
standards, the average performance and best expected practices based on their own 
experience as PRPs. For each indicator the applied PRP is transparently documented. 
Nevertheless, as only few standards were available they mostly relied on best expected 
practices which tend to be rather subjective as they were based on the experiences of 
the sLCA practitioners.  
An additional sLCIA approach is to compare the company, sector or country 
performance with the next higher level, thus, the average sector or country 
performance (Russo Garrido et al. 2016). In this regard, the SHDB evaluates generic 
inventory data obtained for a sector in a country with average global performance 
data. In addition, Martínez-Blanco et al. (2014) proposed to compare sector data to 
average country data. However, to the best of our knowledge no sLCA study yet 
compared site-specific organisational data to average sector or country data, as 
proposed and shown in the REPOSNSA approach. This approach has various 
advantages. First, it enables organisations in the production system to monitor and 
understand their social performance in view of the performance of comparable 
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organisations (of their size and from their economic sector). Taking the benchmarks 
from official statistics further creates trust in the assessment. In addition, the evaluation 
is fair as the context of each individual organisation in the regional foreground is 
recognised and thus the individual capacities are taken into account.   
7.5 The interpretation of the results 
Life cycle assessments strive for a sustainable development that fulfils the needs of the 
current and future generation (UNEP-SETAC, 2009). Subsequently, human well-being, 
is a central concept in sLCA, also named as the area of protection (Dreyer et al. 2006; 
Jørgensen et al. 2008; Weidema, 2006). However, human well-being is difficult to 
assess, because the cause-effect chains between production activities and the 
consequences for human well-being are mostly unknown. The caused social impacts 
on stakeholder cannot be named straightforward, due to peoples different perceptions 
and preferences (Dreyer et al. 2006; Parent et al. 2010).  
Thus, RESPONSA approach evaluates relative social performances of products and 
organisations, rather than particular social impacts on human well-being. Overall, the 
relative position of an inventory indicator (e.g. the number of accidents) is assessed in 
view of the position of the associated benchmark (e.g. the number of accidents in the 
economic sector). Consequently, the sLCA results can only be indirectly related to 
human well-being.   
Despite the missing link to human well-being, the approach is useful to identify social 
hotspots (i.e. aspects along the life cycle that have a relatively high potential for 
improvement in terms of their social performance) and/or social opportunities (i.e. 
relatively better social performance) as captured by the social indices. A social hotspot 
or opportunity can therefore be associated with either one behavioural aspect of an 
organisation, the relative social performance of an individual organisation, or a life 
cycle stage that is comprised of several organisations. The social opportunities should 
be fostered further in order to improve socially sustainable development whereas 
social hotspots should be prevented.  
Although the indicator set was carefully selected for the specific context of RESPONSA 
one cannot say that all potential social hotspots or opportunities associated to a 
production system can be identified. This is because of the limitations caused by the 
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type of indicator; the data collection method and the scope of the set (see Section 7.6). 
Accordingly, to avoid wrong interpretation this limitation should be kept in mind.    
In addition, some social indicators (e.g. working hours) may have ambiguous 
outcomes, thus be beneficial or adverse for human well-being (Arvidsson et al. 2015). 
Working too much, for example, can cause negative health impacts, whereas working 
too little could also cause a loss of income and thus well-being. Arvidsson et al. (2015) 
criticised that although aspects, such as working hours, child labour or property rights 
can be both socially beneficial or socially adverse for stakeholders, most sLCA studies 
suggest only one interpretation. This ambiguity of social aspects is a specific 
characteristic in sLCA that increases its complexity.  
All indicators used in the RESPONSA approach indicate either a relatively negative 
(minimised) or a relatively positive (maximised) social performance and a potential 
ambiguity is not acknowledged, because of the huge uncertainty due to a lack of data, 
when an indicator value is positive or negative. However, there are indicators for 
which an ambiguity could be observed, for example, the indicator “part-time 
employment” which could be beneficial, if preferred by the employee, or adverse for 
stakeholders’ well-being if not (Siebert et al. 2018b; Wanger, 2015). RESPONSA 
evaluates less part-time employees as beneficial, although there is wanted and 
unwanted part-time employment. However, the ambiguity can only be correctly 
evaluated if the preferred working hours of each worker is known. Only if the users of 
the sLCA results know how each indicator is characterised an appropriate 
interpretation of the performance scores ca be guaranteed. This should be even more 
considered, taking in mind that the sLCIA approach compares organisations’ indicator 
values (e.g. the amount of accidents) with the average sector performance, which might 
for example evaluate many accidents with a relatively better performance score, 
because the associated economic sector has a high average number of accidents. 
All in all, there are three major aspects to be considered for the interpretation of the 
sLCA results. First, RESPONSA assesses social effects rather than impacts on human 
well-being. Second, only those social hotspots and/or opportunities can be identified, 
which can be monitored and understood applying the selected indicators as well as the 
data collection method. Third, for some social aspects (i.e. part-time employment) the 
result may be ambiguous.  
7  DISCUSSION OF THE MAIN RESULTS    94 
 
7.6 Limitations of the approach 
The application of the sLCA method is limited compared to conventional LCA, because 
the former needs to evaluate a specific product whereas the latter can also assess a 
generic product. This rather limited application of sLCA is due to the special 
characteristics of social effects. Accordingly, the production of the same product can 
cause different social implications, because they depend on the conduct of the 
organisation. Thus, site-specific investigations are preferred for the evaluation of social 
effects (Dreyer et al. 2006; Jørgensen et al. 2012). Nevertheless, generic sLCA databases 
(e.g. the SHDB) can analyse average products, too, but it is recommended to conduct 
additional specific assessments that can be related to a particular product (Benoît-
Norris et al. 2014; UNEP-SETAC, 2009). The confidentiality of applied site-specific 
data, therefore, limits the applicability to users concerned with the assessed product 
system, for example, producers or even regional managers in a bioeconomy region. 
While RESPONSA applies organisational data it is a site-specific approach that can 
only assess the actual social implications associated to a product. Thus, the approach 
cannot anticipate potential social impacts caused by changes as proposed by Macombe 
et al. (2013). Social impacts are not assessed at all, because cause-effect chains are not 
acknowledged within the approach. However, the relative social performances of a 
wood-based product produced in Germany can be assessed.   
A general limitation of sLCA approaches is imposed by the applied indicator set and 
by the data collection to compile the inventory. While, only a few indicators or even 
inappropriate ones are applied in an sLCA study, the approach may fail to identify 
relevant social issues. Accordingly, RESPONSA applies an appropriate and 
manageable amount of indicators and selected them for the context (Section 5). 
However, not all social issues (e.g. discrimination aspects) can be identified by the 
indicator set, because indicators that are obviously ambiguous are not applied. 
Additionally, the developed data collection method (i.e. collected through a 
questionnaire filled by the organisation) aggravates the interpretation of the results, 
because the inventory data cannot be verified (Appendix A). However, there is a major 
trade-off concerning the effort between conducting site-specific interviews (where the 
sLCA practitioner verifies the collected data) and using a standardised questionnaire to 
set up an sLCA inventory. Thus, the results generated by the RESPONSA approach 
highly depend on the willingness of producers to provide reliable data.  
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The RESPONSA approach is valid for the foreground activities associated to a product 
produced in Germany. Accordingly, activities outside this system boundary cannot be 
assessed, although sLCA should monitor social implications associated to a product at 
each life cycle stage. Despite that, potential social implications outside the system 
boundaries could be monitored, for example, by scanning the background activities 
with the SHDB. Besides, the approach can be extended to other contexts and countries. 
Similarly, the use stage of a product cannot be assessed, because of the different nature 
of potential social effects on consumers at this stage. It has been already dedicated by 
Dreyer et al. (2006) that a different approach is required for this stage.  
One goal for the sLCA approach was to evaluate social effects associated to the 
production of bio-based products. However, the statistical data applied for the 
characterisation do not differentiate between bio-based production processes and fossil 
fuel based ones. Thus, the organisational inventory data are compared with economic 
sector-specific data from all organisations found in the corresponding sector. Likewise, 
it is to be noted, that the statistical data applied for the characterisation may be older 
than the inventories from the organisations associated to the production system, 
because the surveys to generate the data are conducted earlier in time. This may lead to 
a bias, since social conditions are subject of continues change.  
7.7 Use for the Cluster 
The concept of a bioeconomy is one path towards a more sustainable future. The 
BioEconomy Cluster (Section 1.2) aims to establish a model region for Germany and 
Europe. Actors involved aim to find innovative ways to produce, process and utilize 
non-food biomass, which includes advances in biotechnology and new bio-based 
products. However, if these efforts contribute to a more sustainable living is debatable 
(Pfau et al. 2014). In this regard, one main task of the cluster is to monitor the complex 
relation between a bioeconomy and its sustainability. Therefore, tools are needed that 
shed light on the triple bottom line of sustainability (i.e. potential economic, 
environmental and social effects), in order to effectively plan and manage the regional 
development.  
RESPONSA is one approach that complements the required management tool box. It is 
an approach that enables to evaluate potential social effects of production activities in 
the region. Applying RESPONSA, the cluster management can evaluate major regional 
production chains regarding social hotspots or opportunities with regard to health and 
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safety, employment or participation aspects. Thus, they get an overview on the 
strength and weaknesses regarding the social performance of the production activities 
in the region.  
This information may be applied for various purposes. In the first place, RESPONSA 
supports the cluster management to take a broad perspective on the development of 
the region. They may monitor and understand the relation between sustainability 
aspects and the bio-based production activities in the cluster. To be informed about the 
products’ social performance is of high relevance for the development of the 
bioeconomy region, due to the interactions with the stakeholders in the region. Thus, 
the approach can support the cluster in its role of a mediator between the organisations 
and the public. On the other side, the approach can help to coordinate the overall social 
performance of the organisations in the life cycle or to work out some commonly 
agreed sustainability aspects for the further development of the region.  
7.8 Outlook 
As a final point I give a short overview on the requirements to further develop sLCA in 
general and on how to advance the RESPONSA approach developed in this thesis in 
particular.  
In a first step, RESPONSA needs to be applied in case studies, in order to gain 
experiences that can be used to improve and develop the approach. In this regard it 
becomes apparent, if organisations easily hold the required inventory data and if they 
are willing to provide them. It could further be investigated, if the format to present 
the sLCA results is suitable for the producers.  
Likewise, it should be tested to apply the sLCA approach within the life cycle 
sustainability framework, in order to measure all sustainability dimensions. In this 
regard it has to be analysed how the developed sLCA approach could be combined 
with the state of the arte LCA method as well as a LCC method in order to assess not 
only potential social implications but also the environmental and economic effects of 
wood-based products produced in a German bioeconomy region.  
The integration of the three LCA approaches requires an evaluation scheme that 
considers potential trade-offs between the dimensions. Thus, a weighting scheme of 
the single indicators or among the dimensions could be implemented if appropriate 
(Finkbeiner et al. 2010). Therefore, the Life Cycle Sustainability Dashboard and the Life 
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Cycle Sustainability Triangle are two potential options (ibid.). Potential weighting 
schemes to determine the importance of indicators influencing one social aspect (i.e. 
social index) were proposed for example by Hosseinijou et al. (2014) or Schmidt et al. 
(2004). This may be also an important feature in the sLCA tool, to be used by the 
organisations in order to generate more individualised results, because single 
indicators can be weighted according to the preferences of the users.  
To facilitate the application of RESPONSA in general and thus to become widely used, 
a user interface should be built to be used by organisations in German bioeconomy 
regions (see Chapter 9). Such an sLCA tool will make it easier to conduct the case 
studies. 
Besides the conduct of case studies, the method should be improved and extended to 
remove some of the previous described limitations. One major element of LCAs is to 
evaluate all life cycle stages associated to a product. However, this is difficult, applying 
a site-specific approach, if the production system is global in nature. Until now only 
generic sLCA case studies analysed global product systems (e.g. Ciroth and Franze, 
2011; Ekener-Petersen and Finnveden, 2013). One possibility to evaluate global 
production systems is to combine site-specific assessments, for the most relevant 
foreground activities, with a generic assessment for background processes. Besides, 
RESPONSA should be extended for other countries and contexts, by adopting the 
indicator set and the data necessary for the characterisation. While the current 
indicator set is designed to assess wood-based products, the set is may extended to 
other bio-based products, for example, those that are based on agricultural resources.  
There is no sLCA study yet that analysis the use stage with the potential social 
implication for consumers. However, an sLCA methodology should be developed to 
enable an analysis of the use stage, for wood-based products. 
8 Conclusion  
The vision of a bioeconomy nudged a change from fossil fuel dominated production 
systems towards more bio-based ones. In Germany especially wood came into focus 
because it does not compete with food resources and is easily available. For a long-
term success the production activities within a bioeconomy have to be sustainable. In 
this regard, it becomes obvious that not only environmental effects should be 
investigated but also social effects. The sLCA approach developed within this thesis 
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aims to assess social effects associated to major production activities of wood-based 
products manufactured in a Germany bioeconomy region.  
The developed approach consists of (1) a conceptual framework (Chapter 4), (2) a set of 
relevant social indices and corresponding social indicators (Capter 5) and (3) a context-
specific characterisation approach to evaluate the relative social performance level of 
an social aspect (Chapter 6).  
In Section 2 the literature review showed the huge spectrum of concepts, definitions, 
methodologies and data level applied in sLCA studies. This overview further 
underlined the importance to carefully select major concepts and definitions used in an 
sLCA approach. RESPONSA grasps various concepts that were considered as relevant 
to set up the framework in Siebert et al. (2018a). The approach acknowledged that the 
conduct of the organisations in the product’s life cycle is the main driver behind the 
social effects affecting individuals. In this regard, the geographical context of the 
organisation is recognised as highly relevant for the assessment of the social effects. In 
general, the approach considered the context in each development phase; the selection 
of social indices and indicators, the collection of data and the methodology developed 
for characterising social indicator values. 
In particular, a stepwise methodology was developed to select a context-specific 
indicator set relevant for the assessment of wood-based products produced in German 
bioeconomy regions (Siebert et al. 2018b). Despite its specificity, the methodology can 
be further applied to transparently select indicators for an sLCA study. The selected 
indicators are quantitative and qualitative, but easily to collect with a standardised 
questionnaire that can be filled in by the organisation in the foreground. 
While the indicators itself do not inform about the level of social performance of an 
organisation as such, a context-specific characterisation method was developed, that 
compares the indicator values with corresponding PRPs (i.e. benchmark values). The 
context-specific characterisation is based on economic sector and organisational size 
specific PRPs which enables a fair and correct judgement of the relative social 
performance. Thus, a social profile for each organisation is generated that shows their 
specific relative social performance. The aggregated social profiles then evaluate the 
product’s social performance.  
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Many site-specific sLCA studies differ respectively from the developed RESPONSA 
approach. Some studies compare one or more product alternatives in order to identify 
the socially responsible product (Aparcana and Salhofer, 2013; Chang et al. 2015; 
Franze and Ciroth, 2011; Vinyes et al. 2013). Others evaluate a product by conducting 
stakeholder interviews (Foolmaun and Ramjeeawon, 2013; Manik et al. 2013). In order 
to evaluate the collected inventory some apply expert judgement as applied by 
Hosseinijou et al. (2014) or Revéret et al. (2015). RESPONSA combines site-specific 
inventory data with average national sectoral performance data for the characterisation 
and is therefore, independent from comparisons (which limits the application of 
sLCA), stakeholder interviews (which are resource demanding) or expert judgements 
(which are rather subjective). In addition, the social profiles from the organisations in 
the foreground life cycle can be compared if desired.  
To sum up, the sLCA approach developed for the regional foreground activities is site-
specific (i.e. sLCIs using organisational data and sLCIAs applying statistical data from 
German organisations). Therefore, identified social hotspots and opportunities can be 
directly related to the particular production system and the individual organisations. 
The information on the organisations’ relative social performance addresses producers 
who use them for decision making. While, the sLCIA compares the organisations’ 
social performance to the average national performance additional information for the 
decision maker are provided. Accordingly, they can be encouraged to take more 
sustainable courses of action. Thus, the approach contributes to socially responsible 
production activities in German wood-based bioeconomy regions.  
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9 Use of RESPONSA – A REgional SPecific cONtext-
ualised Social life cycle Assessment tool 
9.1 The RESPONSA user interface 
What information does the RESPONSA tool provide? 
The RESPONSA tool assesses the relative social performance of bio-based products 
produced in German bioeconomy regions. It considers the organisations current social 
performance in view of the average performance in the economic sector or in other 
words the social performance of reference organisations (i.e. other (German) 
organisations in the corresponding economic sector, and/or size). Based on social 
indicators that are aggregated into social indices, RESPONSA identifies potential social 
hotspots (i.e. a relatively poor social performance) and potential social opportunities 
(i.e. a relatively better social performance) of the organisations’ production activities. 
Thus, the generated relative social performance score of each evaluated indicator and 
index informs producers, if their conduct has potential for improvement or not. 
Further, the social performance of the overall product can be evaluated as well as the 
performance of the single life cycle stages represented by the individual organisations 
(Figure 9-1).  
When to use the tool? 
The tool can display the relative social performance of products or single organisations. 
The assessment can only be made for products that are already produced, because the 
method evaluates the conduct of organisations. Thus, no ex ante evaluations of, for 
example, newly developed products are possible. Nevertheless, the tool is useful for 
various purposes. On the one side, it can be applied by decision makers within an 
organisation to evaluate their organisations’ social performance or the performance of 
a product produced by them. This information may further be interesting for the 
cluster management to develop the cluster and the bioeconomy region.  
Who should fill in the tool? 
Each organisation in the foreground involved in the production should fill in the tool. 
If not all organisations in the foreground provide data no product related results can be 
generated. However, if only a single organisation provide data, the overall 
organisations’ performance can be evaluated. If the associated organisations are 
multinational or have different sites, only those parts of the organisation should deliver 
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information which is actually involved in the production of the product. All 
departments within the organisation should be included, in order to capture the 
required data on remuneration, health and safety or participation aspects. If the 
organisation is part of the production system they could ask their suppliers to deliver 
sLCA data for their organisation, too, just like in environmental LCA.  
9.1.1 Inputs from the organisations 
In the goal and scope phase of RESPONSA the wood-based product to be assessed is 
identified and described. Furthermore, the product system has to be defined. 
Therefore, each life cycle stage with the associated organisation is identified and 
described (e.g. from the wood harvesting, wood transport, pre-processing and the 
production stage of the wood product). It is assumed that all relevant activities related 
to the main life cycle stages of a wood product are located in a geographic area smaller 
than a country (Germany). Thus, all life cycle stages located outside Germany cannot 
be assessed at the current stage of RESPONSA, but they may be assessed applying a 
generic assessment method such as the Social Hotspot Database in order to screen for 
potential social hotspots. For the evaluation three characteristics of the organisations 
need to be provided: the geographic location (i.e. the federal state in Germany); the 
economic sector (i.e. the number of the division according to the structure and coding 
system of WZ 2008 from the Federal Statistical Office in Germany), as well as the size of 
the organisation in terms of the average number of employees in the last year. In order 
to allocate the single organisations performance to the final product the tool further 
requires information on the working hours, the value added or the mass contributed to the 
final product from each organisation. The applied activity variable (i.e. working hours, 
value added per activity or mass) can be chosen by the user of the tool.  
In the phase of the life cycle inventory the social indicator values are collected from each 
organisation in Germany. In order to secure the correct format of the indicators to be 
delivered a questionnaire with questions to calculate each indicator need to be 
designed and integrated into the tool. If possible, organisations should provide data 
only for the production site, in order to enable an allocation to the particular product. If 
an organisation has sites in different countries, the accidents rates outside the system 
boundary should not be allocated to the product produced in Germany. After the 
inputs are delivered the calculations are done in RESPONSA (Section 9.1.2).    
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9.1.2 The calculation made by RESPONSA 
Besides the organisational data, external statistical data are required for the 
RESPONSA model. Thus, for each indicator value, the particular PRPs/PRP-function 
for the organisations associated economic sector and size is recorded. Using this 
characterisation, the model should automatically assign the correct PRPs/PRP-function 
for each indicator values provided by the organisation.  
Germany is the highest geographical level for all PRPs. However, some indicators 
require a regional differentiation especially between East and West Germany. Thus, the 
program has to choose the correct region (i.e. Germany or East and West Germany) 
depending on characterised indicator and the location of the organisation. If the correct 
geographic level is chosen the economic sector of the organisation has to match, in 
other words a forestry organisation needs to be evaluated with PRPs from the forestry 
economic sector. On top of that, some indicators also differentiate the characterisation 
regarding the size of the organisation (i.e. the number of employees). Thus the model 
need to select the correct employment category of the analysed indicator (e.g. between 
1-9, 10-49, 50-499 and >500 for the indicator “older employees”).  
Based on the deposit characterisation functions and the indicator values filled in by the 
organisation the program need to calculate relative social performance scores. Different 
aggregation steps are conducted in RESPONSA. One allows passing from the relative 
social performance scores calculated for each indicator to a sub-index score and then to 
an index score (Figure 9-1). This aggregation is done as followed: the relative scores for 
the indicators associated to one sub-index are added and divided by the number of 
indicators included in the aggregation. The sub-index scores of one social index can 
then be totalled into the associated social index.  
Another aggregation step summarises the indicator or index results over all relevant 
life cycle stages (i.e. organisations) in the regional foreground (displayed in Figure 9-1 
from the right to the left side). The disaggregated scores for the social indicators should 
always be presented with the aggregated results, in order to avoid misunderstandings 
and information to be lost. In this regard the proportion which is contributed by one 
organisation to the end product should be taken into account too. Therefore, activity 
variables (i.e. value added, mass or working hours) can be applied to relate an 
organisation’s social performance to a functional unit.  
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An optional calculation step is to weight the importance of the single indicators for the 
associated (sub)-indices through the users of the model. Therefore, they could suggest 
the importance of one indicator, as a percentage of weight assigned to the social 
indicators, for an overall social topic (i.e. the social indices). These weighting factors 
(WF) should reflect the importance of the indicators for the assessed social effect. Thus, 
weighted relative performance scores for the social indicator are calculated as shown in 
Equation 13, multiplying the score for the indicator with the WF. A WF could be 
assigned to the relative performance scores (RPS) for the social indices, too (Equation 
14). They should reflect the importance of one index in view of the others. Weighting 
leads to a subjective assessment and should therefore, be conducted with great care 
and a high degree of transparency. However, the WFs are multiplied with the relative 
scores for the social indicators before the aggregation.  
(13) RPSweighted Social Indicator = RPS*WF   
 
(14) RPSweighted Social Index = RPS*WF  
9.1.3 Output for the organisation 
The RESPONSA model delivers dimensionless relative social performance scores 
calculated for the social indicators. A score of zero indicates the worst performance (the 
organisation performs relatively poor compared to other organisations), a score of ten 
indicates the best performance (the organisations’ performance is relatively better). The 
single scores may be aggregated into scores for the (sub)-indices (displayed in Figure 
9-1 form below to above), or along the product system to represent the performance of 
the final product (displayed in Figure 9-1 from the right side to the left).  
Thus results (i.e. the relative social performance scores) of RESPONSA can be delivered 
for different purposes/on different scales. First of all, the user of the model must 
determine if it is desired to receive scores for the assessed organisation (low 
aggregation see the right side of Figure 9-1) or for the final product (high aggregation 
see the left side of Figure 9-1). In this regard it has to be noticed that the tool delivers 
results for the final product, only when all relevant organisations in the regional 
foreground in Germany have provided the required input data. In addition, it is to be 
determined if disaggregated performance scores are desired for the social indicators 
(low aggregation in the bottom half of Figure 9-1) or aggregated scores for the social 
(sub)-indices (high aggregation in the upper half of Figure 9-1).  
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The lowest aggregation of data in the model shows the relative social performance 
scores for each indicator, for all organisations in the product system that provided data 
(Figure 9-1 bottom right). From this point the individual relative performance scores 
for the social indicators can be aggregated along the production system to one relative 
score for each indicator representing the performance of the final product (Figure 9-1 
bottom left). Furthermore, the social indicators scores can be aggregated into associated 
sub-indices and indices for each organisation (Figure 9-1 top right). To understand 
better the relative social performance in view of an overall topic, aggregated results for 
each organisation based on the social indices or for the final product are best suitable.         
 
Figure 9-1 The results from the RESPONSA model can be displayed as shown in a) as single indicator 
scores for each organisation in the product system, b) as an aggregated indicator score for the 
corresponding social indices and be displayed for each organisation or c) each indicator score can be 
aggregated along the production system for the whole product or d) the social indices scores are 
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Appendix A  
1. General indication to your organisation            
1.1. Please classify your organisation into one of the following economic sectors: (Classification of Economic Activities, Edition 
2008 (WZ 2008) from the Federal Statistical Office in Germany) 
☐ 02 Forestry and logging   
☐ 16 Manufacture of wood and of products of wood and cork, except furniture; manufacture of articles of straw and 
plaiting materials    
☐ 20 Manufacture of chemicals and chemical products    
☐ 22 Manufacture of rubber and plastic products   
☐ 38 Waste collection, treatment and disposal activities; materials recovery  
Other:           
 
1.2. How many working hours are involved in the production of your (pre)product assessed by the sLCA study? 
Working hours:   h 
 
1.3. Please give the location of your organisation where the product is produced. 
☐ East Germany Other:           
☐ West Germany 
 
2. Personnel structure           
2.1. How many employees has your organisation classified according to the following employment relationships? 
Please give the number for each category of employees employees 
Total employees  
Insured employees 
(Salaried) employee  
Vocational trainee  
Not insured employees  
Marginally employed (≤ 450€ / month)  
Self-employed  
Atypical employees 
Fixed-term employees   
Employees provided by temporary work agencies  
Part-time employees (≤ 31h / week)  
  
2.2. How qualified are your employees? 
Please give the number for each category of employees employees 
Simple field of activity, no vocational training required  
Qualified field of activity, which requires a vocational training or considerable work experience  
Qualified field of activity, which requires a university or polytechnic degree   
Qualified field of activity, working owners, executive board, manager  
 
3. Health & safety           
3.1. How many (fatal*) occupational accidents happened in your organisation last year? (details if possible „per 1000 full-
employees“, if correct please tick) 
☐ Per 1000 full-employees   Other:          
a) Total number of occupational accidents:         
b) Number of fatal occupational accidents:    *an accident that causes someone to die   
 
3.2. How many sick-leave days did your organisation have during the last year? 
☐ Per 1000 full-employees   Further comments:         
Total number sick-leave days:     
 
This survey is applied to generate the sLCI for a social life cycle assessment study of a 
product. The organisation is asked to provide answers to the following questions in 
order to generate social indicator values, which will then be further characterised with 
sector and organisational size benchmarks.   
Contact person:  Anke Siebert, M.Sc.  
Telephone:          0341-2434-390 
Fax:          0341-2434-133 
E-mail:          anke.siebert@ufz.de 




3.3. Which of the following health & safety measures for your employees, which are not required by law, are taken or financially 
supported in your organisation?  
(multiple responses are possible) Yes No 
A  Sick-leave analysis ☐ ☐ 
B  Employees survey regarding safety measures taken at the workplace ☐ ☐ 
C  Discussion groups on health and safety issues in the organisation  ☐ ☐ 
D  Internal activities (e.g. active break-time activity, in-house sport activities, 
    health days, health checks, physiotherapy) 
☐ ☐ 
E  Training or consultation offers for employees (e.g. addiction issues, 
    psychological problems or nutrition topics) 
☐ ☐ 
F  Financial support for external health activities  ☐ ☐ 




4. Adequate remuneration          
4.1. How do you pay your employees? According to… 
☐ Sectoral agreement           
☐ In-house agreement 
☐ Payment of no basic wage If there is no agreement for your organisation please continue with 4.2  
 
4.2. Do you orientate your payment according to the basic wage? 
☐ Yes   ☐ No   Other:         
  
 
4.3. What was the average salary for the month of June 2017 you have paid in your organisation? 
(Without employer’s part of social security and holiday/Christmas payment) 
Average salary:   € 
 
4.4. Does your organisation provide financial offers of capital participation or profit-sharing and bonuses to their employees?  
a) Capital participation:  ☐ Yes  ☐ No  
b) Profit-sharing and bonuses:  ☐ Yes  ☐ No   
 
5. Adequate working time          
5.1. How long is the currently agreed average working time for the full-time employees?  
Working time per week:    hours per week 
 
5.2. How has the overtime being compensated? 
☐ It was compensated with free time and/or financially   
☐ Only free time 
☐ Only financial compensation   
☐ No compensation at all  
 
5.3. Do you offer flexible working time agreements for your employees in your organisation? 
☐ Yes   
☐ We plan to offer flexible working time agreements 
☐ No 
 
6. Knowledge capital           
6.1. How many employees did take part in training or professional qualification measures during the last year? 
(Please count every participant only once and provide an estimation if detailed information are missing) 
Number of employees:    
 
6.2. Does your organisation supports training or professional qualification measures during the last year? 
☐ Yes, employees got free or were financially supported 
☐ No, support 
 




6.3. Can your organisation provide vocational training positions?  
☐ Yes   ☐ No   Other:          
 
6.4. How many employees in your organisation are exclusively or sometimes working on research and development tasks – in 
depended of if there is an own research and development department? 
a) ca.    number of employees working exclusively 
b) ca.    number of employees working sometimes 
 
7. Equal opportunities           
7.1. Does your organisation employ women in management positions?  
a) 1
st
 management level:  ☐ Yes  ☐ No (Managing director, owner, board, branch management) 
b) 2
nd
 management level:  ☐ Yes  ☐ No  
 
7.2. Which measures to improve gender opportunities does your organisation offer? 
(multiple response are possible) Yes No 
A Childcare support (e.g. company kindergarten, cooperation with kindergartens, child 
care during holidays, financial support)  
☐ ☐ 
B Support for employees with  relatives in need of care  
(e.g. cooperation with nursing homes, information centre, offer of information) 
☐ ☐ 
C Special consideration on employees with care responsibilities regarding the work 
organisation (e.g. flexible working time agreements, part-time models) ☐ ☐ 
D Offers for employees in parental leave (e.g. training) ☐ ☐ 
E Special support for women (e.g. mentoring programs, plans to promote women, 
specific training, agreement on objectives to increase the proportion of women) 
☐ ☐ 
F Member of a network of family friendly organisations ☐ ☐ 
G Other measures:               
 
7.3. Which of the following measures offer your organisation for older employees from 50 years on?   
(multiple response are possible) Yes No 
A Partial retirement ☐ ☐ 
B Special equipment in the workplaces for older employees ☐ ☐ 
C Individual adaptation of the job requirements ☐ ☐ 
D Working groups mixed in ages ☐ ☐ 
E Integration of older employees into training  ☐ ☐ 
F Specific training for older employees ☐ ☐ 
G Integration of older employees into preventive health measures ☐ ☐ 
H Other measures for older employees:          
 
7.4. Do you employ people of the following groups?  
☐ Disabled employees    Number:             
☐ Foreign employees     Number:          
  
8. Participation           
8.1. Does your organisation have a work council as given by the works constitution act?  
☐ Yes   ☐ No   Other:          
Contact person for potential inquiries     
Organisation:            
Contact person:    E-mail:    Telephone:     
Further comments:             
Thank you for your participation!
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Explanation to the previous shown questionnaire: The numbers (e.g. 2.1 a) show the connection between the answers and 
the indicator set which is further shown below in Table 1 
 
1. General indication to your organisation            
1.1. Please classify your organisation into one of the following economic sectors: (Classification of Economic Activities, Edition 
2008 (WZ 2008) from the Federal Statistical Office in Germany) 
☐ 02 Forestry and logging   
☐ 16 Manufacture of wood and of products of wood and cork, except furniture; manufacture of articles of straw and 
plaiting materials    
☐ 20 Manufacture of chemicals and chemical products    
☐ 22 Manufacture of rubber and plastic products   
☐ 38 Waste collection, treatment and disposal activities; materials recovery  
Other:           
 
1.2. How many working hours are involved in the production of your (pre)product assessed by the sLCA study? 
Working hours:   h 
 
1.3. Please give the location of your organisation where the product is produced. 
☐ East Germany Other:           
☐ West Germany 
 
2. Personnel structure           
2.1. How many employees has your organisation classified according to the following employment relationships? 
Please give the number for each category of employees employees 
Total employees 2.1 a 
Insured employees 
(Salaried) employee 2.1 b 
Vocational trainee 2.1 c 
Not insured employees  
Marginally employed (≤ 450€ / month) 2.1 d 
Self-employed 2.1 e 
Atypical employees 
Fixed-term employees  2.1 f 
Employees provided by temporary work agencies 2.1 g 
Part-time employees (≤ 31h / week) 2.1 h 
 
2.2. How qualified are your employees? 
Please give the number for each category of employees employees 
Simple field of activity, no vocational training required 2.2 a 
Qualified field of activity, which requires a vocational training or considerable work experience 2.2 b 
Qualified field of activity, which requires a university or polytechnic degree  2.2 c 
Qualified field of activity, working owners, executive board, manager 2.2 d 
 
3. Health & safety           
3.1. How many (fatal*) occupational accidents happened in your organisation last year? (details if possible „per 1000 full-
employees“, if correct please tick) 
☐ Per 1000 full-employees   Other:          
a) Total number of occupational accidents:   3.1 a       
b) Number of fatal occupational accidents:   3.1 b  *an accident that causes someone to die   
 
3.2. How many sick-leave days did your organisation have during the last year? 
☐ Per 1000 full-employees   Further comments:         
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3.3. Which of the following health & safety measures for your employees, which are not required by law, are taken or financially 
supported in your organisation?  
(multiple responses are possible) Yes No 
A  Sick-leave analysis ☐ ☐ 
B  Employees survey regarding safety measures taken at the workplace ☐ ☐ 
C  Discussion groups on health and safety issues in the organisation  ☐ ☐ 
D  Internal activities (e.g. active break-time activity, in-house sport activities, 
    health days, health checks, physiotherapy) 
☐ ☐ 
E  Training or consultation offers for employees (e.g. addiction issues, 
    psychological problems or nutrition topics) 
☐ ☐ 
F  Financial support for external health activities  ☐ ☐ 




4. Adequate remuneration          
4.1. How do you pay your employees? According to… 
☐ Sectoral agreement           
☐ In-house agreement 
☐ Payment of no basic wage If there is no agreement for your organisation please continue with 4.2  
 
4.2. Do you orientate your payment according to the basic wage? 
☐ Yes   ☐ No   Other:         
  
 
4.3. What was the average salary for the month of June 2017 you have paid in your organisation? 
(Without employer’s part of social security and holiday/Christmas payment) 
Average salary:   € 
 
4.4. Does your organisation provide financial offers of capital participation or profit-sharing and bonuses to their employees?  
a) Capital participation:  ☐ Yes  ☐ No  
b) Profit-sharing and bonuses:  ☐ Yes  ☐ No   
 
5. Adequate working time          
5.1. How long is the currently agreed average working time for the full-time employees?  
Working time per week:    hours per week 
 
5.2. How has the overtime being compensated? 
☐ It was compensated with free time and/or financially   
☐ Only free time 
☐ Only financial compensation   
☐ No compensation at all  
 
5.3. Do you offer flexible working time agreements for your employees in your organisation? 
☐ Yes   
☐ We plan to offer flexible working time agreements 
☐ No 
 
6. Knowledge capital           
6.1. How many employees did take part in training or professional qualification measures during the last year? 
(Please count every participant only once and provide an estimation if detailed information are missing) 
Number of employees:    
 
6.2. Does your organisation supports training or professional qualification measures during the last year? 
☐ Yes, employees got free or were financially supported 
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6.3. Can your organisation provide vocational training positions?  
☐ Yes   ☐ No   Other:          
 
6.4. How many employees in your organisation are exclusively or sometimes working on research and development tasks – in 
depended of if there is an own research and development department? 
a) ca.    number of employees working exclusively 
b) ca.    number of employees working sometimes 
 
7. Equal opportunities           
7.1. Does your organisation employ women in management positions? (management, owner, board, branch management) 
a) 1
st
 management level:  ☐ Yes  ☐ No  
b) 2
nd
 management level:  ☐ Yes  ☐ No  
 
7.2. Which measures to improve gender opportunities does your organisation offer? 
(multiple response are possible) Yes No 
A Childcare support (e.g. company kindergarten, cooperation with kindergartens, child 
care during holidays, financial support)  
☐ ☐ 
B Support for employees with relatives in need of care  
(e.g. cooperation with nursing homes, information centre, offer of information) ☐ ☐ 
C Special consideration on employees with care responsibilities regarding the work 
organisation (e.g. flexible working time agreements, part-time models) 
☐ ☐ 
D Offers for employees in parental leave (e.g. training) ☐ ☐ 
E Special support for women (e.g. mentoring programs, plans to promote women, 
specific training, agreement on objectives to increase the proportion of women) 
☐ ☐ 
F Member of a network of family friendly organisations ☐ ☐ 
G Other measures:               
 
7.3. Which of the following measures offer your organisation for older employees from 50 years on?   
(multiple response are possible) Yes No 
A Partial retirement ☐ ☐ 
B Special equipment in the workplaces for older employees ☐ ☐ 
C Individual adaptation of the job requirements ☐ ☐ 
D Working groups mixed in ages ☐ ☐ 
E Integration of older employees into training  ☐ ☐ 
F Specific training for older employees ☐ ☐ 
G Integration of older employees into preventive health measures ☐ ☐ 
H Other measures for older employees:          
 
7.4. Do you employ people of the following groups?  
☐ Disabled employees    Number:  7.5 a           
☐ Foreign employees     Number:  7.5 b         
 
8. Participation           
8.1. Does your organisation have a work council as given by the works constitution act?  
☐ Yes   ☐ No   Other:          
Contact person for potential inquiries         
Organisation:              
Contact person:    E-mail:    Telephone:     
Further comments:             
Thank you for your participation!
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Table A-1 Connection between the indicators and the questionnaire 
Index/Indicator Question 
1. Health & safety  
Occupational accidents 3.1 a 
Occupational fatal accidents 3.1 b 
Sick-leave days  3.2 
Preventive health  measures  
3.3  The indicator value is yes if one of the yes options is ticked, if not the answer 
is no. 
2. Adequate remuneration  
Payment according to basic wage 4.1 & 4.2 (third option) 
Average remuneration level  4.3  
Capital participation 4.4 a 
Profit-sharing and bonuses 4.4 b 
3. Adequate working time  
Contractual working hours 5.1 
Compensation for overtime 5.2  
Access to flexible working time agreements 5.3 
Rate of part-time employees 2.1 a/ 2.1 h 
4. Employment  
Rate of qualified employees  (2.2 b+ 2.2c+2.2d)*100//2.1a* 
Rate of marginally employees (max 450€) 2.1 a/ 2.1 d 
Rate of fixed-term employees  2.1 a/ 2.1 f 
Rate of employees provided by temporary work 
agencies 
2.1 a/ 2.1 g 
5. Knowledge capital  
Rate of employees participated in training  2.1 a/ 6.1 
Support for professional qualification  6.2 
Rate of vocational trainees 2.1 a/ 2.1 c 
Rate of employees in research and development 6.4 a & 6.4 b 
6. Equal opportunities  
Female employees in management positions 7.1 a + 7.1 b 
Measures to improve gender equality  
7.2 The indicator value is yes if one of the yes options is ticked, if not the answer 
is no.  
Measures to support older employees 
7.3  The indicator value is yes if one of the yes options is ticked, if not the answer 
is no. 
Rate of disabled employees 2.1 a/ 7.4 a 
Rate of foreign employees 2.1 a/ 7.4 b 
7. Participation  
Works council 8.1  
*The rate of qualified employees is calculated by the summing the number of qualified employees (2.2b,2.2c and 2.2.d) and divide it by 
the non-qualified  





Appendix B  
1. General indication to your organisation            
1.1. Please classify your organisation into one of the following economic sectors: (Classification of Economic Activities, Edition 
2008 (WZ 2008) from the Federal Statistical Office in Germany) 
☒ 02 Forestry and logging   
☐ 16 Manufacture of wood and of products of wood and cork, except furniture; manufacture of articles of straw and 
plaiting materials    
☐ 20 Manufacture of chemicals and chemical products    
☐ 22 Manufacture of rubber and plastic products   
☐ 38 Waste collection, treatment and disposal activities; materials recovery  
Other:           
1.2. How many working hours are involved in the production of your (pre)product assessed by the sLCA study? 
Working hours:   40h 
 
1.3. Please give the location of your organisation where the product is produced. 
☒ East Germany Other:           
☐ West Germany 
 
2. Personnel structure           
2.1. How many employees has your organisation classified according to the following employment relationships? 
Please give the number for each category of employees employees 
Total employees 10 
Insured employees 
(Salaried) employee 10 
Vocational trainee 1 
Not insured employees  
Marginally employed (≤ 450€ / month) 1 
Self-employed 0 
Atypical employees 
Fixed-term employees  1 
Employees provided by temporary work agencies 0 
Part-time employees (≤ 31h / week) 1 
 
2.2. How qualified are your employees? 
 employees 
Simple field of activity, no vocational training required 4 
Qualified field of activity, which requires a vocational training or considerable work experience 4 
Qualified field of activity, which requires a university or polytechnic degree  2 
Qualified field of activity, working owners, executive board, manager  
 
3. Health & safety           
3.1. How many (fatal*) occupational accidents happened in your organisation last year? (details if possible „Per 1000 full-
employees“, if correct please tick) 
☒ Per 1000 full-employees   Other:          
a) Total number of occupational accidents:   40       
b) Number of fatal occupational accidents:   0,35  *an accident that causes someone to die   
 
3.2. How many sick-leave days did your organisation have during the last year? 
☐ Per 1000 full-employees   Further comments:         
Total number sick-leave days:   10  
  
This survey is applied to generate the sLCI for a social life cycle assessment study of a 
product. The organisation is asked to provide answers to the following questions in 
order to generate social indicator values, which will then be further characterised with 
sector and organisational size benchmarks.   
Contact person:  Anke Siebert, M.Sc.  
Telephone:          0341-2434-390 
Fax:          0341-2434-133 
E-mail:          anke.siebert@ufz.de 
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3.3. Which of the following health & safety measures for your employees, which are not required by law, are taken or financially 
supported in your organisation?  
(multiple responses are possible)   Yes   No 
A Sick-leave analysis ☐ ☒ 
B Employees survey regarding safety measures taken at the workplace ☐ ☒ 
C Discussion groups on health and safety issues in the organisation  ☐ ☒ 
D Internal activities (e.g. active break-time activity, in-house sport activities, 
    health days, health checks, physiotherapy) 
☐ ☒ 
E Training or consultation offers for employees (e.g. addiction issues, 
    psychological problems or nutrition topics) 
☐ ☒ 
F Financial support for external health activities  ☐ ☒ 




4. Adequate remuneration          
4.1. How do you pay your employees? According to… 
☒ Sectoral agreement           
☐ In-house agreement 
☐ Payment of no basic wage If there is no agreement for your organisation please continue with 4.2  
 
4.2. Do you orientate your payment according to the basic wage? 
☐ Yes   ☐ No   Other:         
  
 
4.3. What was the average salary for the month of June 2017 you have paid in your organisation? 
(Without employer’s part of social security and holiday/Christmas payment) 
Average salary:  2.500 € 
 
4.4. Does your organisation provide financial offers of capital participation or profit-sharing and bonuses to their employees?  
a) Capital participation:  ☐ Yes  ☒ No   
b) Profit-sharing and bonuses:  ☐ Yes  ☒ No   
 
5. Adequate working time          
5.1. How long is the currently agreed average working time for the full-time employees?  
Working time per week: 40  hours per week 
 
5.2. How has the overtime being compensated? 
☐  It was compensated with free time and/or financially   
☐  Only free time 
☒ Only financial compensation   
☐  No compensation at all  
 
5.3. Do you offer flexible working time agreement for your employees in your organisation? 
☐  Yes   
☐  We plan to offer flexible working time agreements 
☒ No 
 
6. Knowledge capital           
6.1. How many employees did take part in training or professional qualification measures during the last year? 
(Please count every participant only once and provide an estimation if detailed information are missing) 
Number of employees:  3  
 
6.2. Does your organisation supports training or professional qualification measures during the last year? 
☒ Yes, employees got free or were financially supported 
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6.3. Can your organisation provide vocational training positions?  
☒ Yes   ☐ No   Other:          
 
6.4. How many employees in your organisation are exclusively or sometimes working on research and development tasks – in 
depended of if there is an own research and development department? 
ca.  0 number of employees working exclusively 
ca.  0 number of employees working sometimes 
 
7. Equal opportunities           
7.1. Does your organisation employ women in management positions?  
a) 1
st
 management level:  ☐ Yes  ☒ No (Managing director, owner, board, branch management) 
b) 2
nd
 management level:  ☐ Yes  ☒ No  
 
7.2. Which measures to improve gender opportunities does your organisation offer? 
(multiple response are possible) Yes No 
A Childcare support (e.g. company kindergarten, cooperation with kindergartens, child 
care during holidays, financial support)  
☐ ☒ 
B Support for employees with  relatives in need of care  
(e.g. cooperation with nursing homes, information centre, offer of information) 
☐ ☒ 
C Special consideration on employees with care responsibilities regarding the work 
organisation (e.g. flexible working time agreements, part-time models) 
☐ ☒ 
D Offers for employees in parental leave (e.g. training) ☐ ☒ 
E Special support for women (e.g. mentoring programs, plans to promote women, 
specific training, agreement on objectives to increase the proportion of women) 
☐ ☒ 
F Member of a network of family friendly organisations ☐ ☒ 
G Other measures:             
         
  
 
7.3. Which of the following measures offer your organisation for older employees from 50 years on?   
(multiple response are possible) Yes No 
A Partial retirement ☐ ☒ 
B Special equipment in the workplaces for older employees ☐ ☒ 
C Individual adaptation of the job requirements ☐ ☒ 
D Working groups mixed in ages ☐ ☒ 
E Integration of older employees into training  ☐ ☒ 
F Specific training for older employees ☐ ☒ 
G Integration of older employees into preventive health measures ☐ ☒ 
H Other measures for older employees:          
 
7.4. Do you employ people of the following groups?  
☐ Disabled employees    Number:   0          
☒  Foreign employees     Number:   1        
 
8. Participation           
8.1. Does your organisation have a work council as given by the works constitution act?  
☐ Yes   ☒ No   Other:          
Contact person for potential inquiries         
Organisation:              
Contact person:    E-mail:    Telephone:     
Further comments:             
    
Thank you for your participation!  
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Table B-1 Exemplary indicator values of organisation one based on the previous questionnaire answers 
and the relative social performance scores calculated with the statistical PRPs 
Index/Indicator Question 
Exemplary indicator values 





1. Health & safety   5 
Occupational accidents 3.1 a 40 8 
Occupational fatal accidents 3.1 b 0,35 1 
Sick-leave days  3.2 10 7 
Preventive health  measures  3.3 no 4* 
2. Adequate remuneration   6.2 
Payment according to basic wage 4.1 & 4.2 (third option) Sectoral agreement 8.6* 
Average remuneration level  4.3  2500€ 7 
Capital participation 4.4 a no  4.9* 
Profit-sharing and bonuses 4.4 b no  4.4* 
3. Adequate working time   5.4 
Contractual working hours 5.1 40h 6.6 
Compensation for overtime 5.2 Financial compensation 3 
Access to flexible working time agreements 5.3 no 3 
Rate of part-time employees 2.1 a/ 2.1 h 10%  8.9 
4. Employment   7.5 
Rate of qualified employees  (2.2 b+ 2.2c+2.2d)*100//2.1a 60% 7.5 
Rate of marginally employees (max 450€) 2.1 a/ 2.1 d 10% 6.9 
Rate of fixed-term employees  2.1 a/ 2.1 f 10% 8 
Rate of employees provided by temporary work agencies 2.1 a/ 2.1 g 0% No data 
5. Knowledge capital   7.5 
Rate of employees participated in training  2.1 a/ 6.1 30% 5.5 
Support for professional qualification  6.2 yes 8 
Rate of vocational trainees 2.1 a/ 2.1 c 10% 8.9 
Rate of employees in research and development 6.4 a & 6.4 b 0 No data 
6. Equal opportunities   4 
Female employees in management positions 7.1 a + 7.1 b no No data  
Measures to improve gender equality  7.2 no 3.9* 
Measures to support older employees 7.3 no 4.5* 
Rate of disabled employees 2.1 a/ 7.4 a 1% 2 
Rate of foreign employees 2.1 a/ 7.4 b 5% 6 
7. Participation   No data 
Works council 8.1  no No data 
* Indicator score calculation for OSPRP level: 
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Appendix C  
1. General indication to your organisation            
1.1. Please classify your organisation into one of the following economic sectors: (Classification of Economic Activities, Edition 
2008 (WZ 2008) from the Federal Statistical Office in Germany) 
☐  02 Forestry and logging   
☐  16 Manufacture of wood and of products of wood and cork, except furniture; manufacture of articles of straw and 
plaiting materials    
☒  20 Manufacture of chemicals and chemical products   
☐ 22 Manufacture of rubber and plastic products   
☐ 38 Waste collection, treatment and disposal activities; materials recovery  
Other:            
 
1.1. How many working hours are involved in the production of your (pre)product assessed by the sLCA study? 
Working hours:   60h 
 
1.2. Please give the location of your organisation where the product is produced. 
☒  East Germany Other:           
☐ West Germany 
 
2. Personnel structure           
2.1. How many employees has your organisation classified according to the following employment relationships? 
Please give the number for each category of employees employees 
Total employees 800 
Insured employees 
(Salaried) employee 10 
Vocational trainee 32 
Not insured employees  
Marginally employed (≤ 450€ / month) 40 
Self-employed 0 
Atypical employees 
Fixed-term employees  80 
Employees provided by temporary work agencies 40 
Part-time employees (≤ 31h / week) 80 
 
2.2. How qualified are your employees? 
Please give the number for each category of employees employees 
Simple field of activity, no vocational training required 160 
Qualified field of activity, which requires a vocational training or considerable work experience 150 
Qualified field of activity, which requires a university or polytechnic degree  450 
Qualified field of activity, working owners, executive board, manager 40 
 
3. Health & safety           
3.1. How many (fatal*) occupational accidents happened in your organisation last year? (details if possible „Per 1000 full-
employees“, if correct please tick) 
☒  Per 1000 full-employees   Other:          
a) Total number of occupational accidents:   3       
b) Number of fatal occupational accidents:   0,0029  *an accident that causes someone to die   
 
3.2. How many sick-leave days did your organisation have during the last year? 
☒  Per 1000 full-employees   Further comments:         
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3.3. Which of the following health & safety measures for your employees, which are not required by law, are taken or financially 
supported in your organisation?  
(multiple responses are possible) Yes No 
A Sick-leave analysis ☒ ☐ 
B Employees survey regarding safety measures taken at the workplace ☐ ☒ 
C Discussion groups on health and safety issues in the organisation  ☐ ☒ 
D Internal activities (e.g. active break-time activity, in-house sport activities, 
    health days, health checks, physiotherapy) 
☒ ☐ 
E Training or consultation offers for employees (e.g. addiction issues, 
    psychological problems or nutrition topics) 
☐ ☒ 
F Financial support for external health activities  ☐ ☒ 




4. Adequate remuneration          
4.1. How do you pay your employees? According to… 
☐  Sectoral agreement           
☒  In-house agreement 
☐  Payment of no basic wage If there is no agreement for your organisation please continue with 4.2  
 
4.2. Do you orientate your payment according to the basic wage? 
☐ Yes   ☐ No   Other:         
  
4.3. What was the average salary for the month of June 2017 you have paid in your organisation? 
(Without employer’s part of social security and holiday/Christmas payment) 
Average salary:  3.000 € 
 
4.4. Does your organisation provide financial offers of capital participation or profit-sharing and bonuses to their employees?  
a) Capital participation:  ☐  Yes  ☒  No   
b) Profit-sharing and bonuses:  ☒  Yes  ☐  No   
 
5. Adequate working time          
5.1. How long is the currently agreed average working time for the full-time employees?  
Working time per week:  40  hours per week 
 
5.2. How has the overtime being compensated? 
☒  It was compensated with free time and/or financially   
☐  Only free time 
☐  Only financial compensation   
☐  No compensation at all  
 
5.3. Do you offer flexible working time agreement for your employees in your organisation? 
☒  Yes   
☐  We plan to offer flexible working time agreements 
☐  No 
 
6. Knowledge capital           
6.1. How many employees did take part in training or professional qualification measures during the last year? 
(Please count every participant only once and provide an estimation if detailed information are missing) 
Number of employees:  80  
 
6.2. Does your organisation supports training or professional qualification measures during the last year? 
☒  Yes, employees got free or were financially supported 
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6.3. Can your organisation provide vocational training positions?  
☒  Yes   ☐  No   Other:          
 
6.4. How many employees in your organisation are exclusively or sometimes working on research and development tasks – in 
depended of if there is an own research and development department? 
ca.  20   number of employees working exclusively 
ca.  100 number of employees working sometimes 
 
7. Equal opportunities           
7.1. Does your organisation employ women in management positions?  
a) 1
st
 management level:  ☐  Yes  ☒ No (Managing director, owner, board, branch management) 
b) 2
nd
 management level:  ☒  Yes  ☐  No  
  
7.2. Which measures to improve gender opportunities does your organisation offer? 
(multiple response are possible) Ýes No 
A Childcare support (e.g. company kindergarten, cooperation with kindergartens, child 
care during holidays, financial support)  
☐ ☒ 
B Support for employees with  relatives in need of care  
(e.g. cooperation with nursing homes, information centre, offer of information) 
☐ ☒ 
C Special consideration on employees with care responsibilities regarding the work 
organisation (e.g. flexible working time agreements, part-time models) ☐ ☒ 
D Offers for employees in parental leave (e.g. training) ☐ ☒ 
E Special support for women (e.g. mentoring programs, plans to promote women, 
specific training, agreement on objectives to increase the proportion of women) 
☐ ☒ 
F Member of a network of family friendly organisations ☐ ☒ 
G Other measures:               
 
7.3. Which of the following measures offer your organisation for older employees from 50 years on?   
(multiple response are possible) Yes No 
A Partial retirement ☐ ☒ 
B Special equipment in the workplaces for older employees ☐ ☒ 
C Individual adaptation of the job requirements ☐ ☒ 
D Working groups mixed in ages ☐ ☒ 
E Integration of older employees into training  ☐ ☒ 
F Specific training for older employees ☐ ☒ 
G Integration of older employees into preventive health measures ☐ ☒ 
H Other measures for older employees:          
 
7.4. Do you employ people of the following groups?  
☒  Disabled employees    Number:   8          
☒  Foreign employee’s     Number:   80       
  
8. Participation           
8.1. Does your organisation have a work council as given by the works constitution act?  
☒  Yes   ☐ No   Other:          
Contact person for potential inquiries         
Organisation:            
Contact person:    E-mail:   Telephone:     
Further comments:            
Thank you for your participation!
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Table C-1  Exemplary indicator values of organisation two based on the previous questionnaire answers and the relative social 
performance scores calculated with the statistical PRPs 
Index/Indicator Question 
Exemplary indicator 





1. Health & safety   8 
Occupational accidents 3.1 a 3 7 
Occupational fatal accidents 3.1 b 0,0029 9 
Sick-leave days  3.2 5 9 
Preventive health  measures  3.3 yes 6.9* 
2. Adequate remuneration   7.3 
Payment according to basic wage 4.1 & 4.2 (third option) In-house agreement 6.9* 
Average remuneration level  4.3  3000€ 8.7 
Capital participation 4.4 a no 4.8* 
Profit-sharing and bonuses 4.4 b yes 8.9* 
3. Adequate working time   5.7 
Contractual working hours 5.1 40h 4.2 
Compensation for overtime 5.2 
Free time & financial 
com. 
6.9 
Access to flexible working time agreements 5.3 yes 6.6 
Rate of part-time employees 2.1 a/ 2.1 h 10% 4.9 
4. Employment   7.5 
Rate of qualified employees  (2.2 b+ 2.2c+2.2d)*100//2.1a 80% 7.5 
Rate of marginally employees (max 450€) 2.1 a/ 2.1 d 6% 7.9 
Rate of fixed-term employees  2.1 a/ 2.1 f 10% 6.2 
Rate of employees provided by temporary work 
agencies 
2.1 a/ 2.1 g 5% 8.3 
5. Knowledge capital   6.4 
Rate of employees participated in training  2.1 a/ 6.1 50% 5.7 
Support for professional qualification  6.2 yes 6 
Rate of vocational trainees 2.1 a/ 2.1 c 4% 6 
Rate of employees in research and development 6.4 a & 6.4 b 15% 7.7 
6. Equal opportunities   5.4 
Female employees in management positions 7.1 a + 7.1 b 
Yes in the 1st and 2nd 
level 
8.1 
Measures to improve gender equality  7.2 no 2.2* 
Measures to support older employees 7.3 no 5.5* 
Rate of disabled employees 2.1 a/ 7.4 a 1% 1 
Rate of foreign employees 2.1 a/ 7.4 b 10% 10 
7. Participation   7.4 
Works council 8.1  yes 7.4 
* Indicator score calculation for OSPRP level: 
                 
 
              a Index-Score calculation: 
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Referat:  
Wood-based products will play a pivotal role in the development of German 
bioeconomy regions. This transition in production patterns should develop sustainably 
without negative effects to the environment and society. Therefore, appropriate 
assessment tools are required to measure and document (un)sustainable aspects. In this 
thesis the “RESPONSA” framework is established (i.e. a REgional SPecific 
cONtextualised Social life cycle Assessment) to assess a product’s relative social 
performance from a regional perspective, directly accounting to the organisations 
behaviour and therefore providing specific information to support producers’ decision-
making. The framework includes a social indicator set with seven social indices (e.g. 
health and safety; participation) and 32 social indicators (e.g. accidents) to make the 
inventories. A characterisation approach based on context-specific benchmarks, which 
are easy to understand and interpret, was developed. In this regard, context-specific 
performance reference points (PRPs) were proposed which can effectively reflect the 
social conditions influencing the various organisations involved in producing a 
specified product and qualify whether the social indicator values collected from the 
organisations in the production system corresponds to a “relatively poor” social 
performance or a “relatively better” social performance. The characterisation approach 
of RESPONSA evaluates a product’s relative social performance without comparing 
“apples and oranges”. By acknowledging the geographical location as well as the 
differences between the operational sectors and organisational sizes involved in 
producing a product, the relative social performance can be judged fairly and with 
greater specificity. 
 
 
